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REPORT. 



MY First Report, made to the government of the State in 1833, on the Geology of 
Massachusetts, contained no account of those remarkable footmarks in stone in 
the valley of Connecticut Eiver, which have since awakened so much interest among 
intelligent men ; for they were not discovered till two years later. But in 1841, when I 
made my Final Report under my second geological commission, I described no less 
than twenty-seven species of animals as recognized by their tracks, some of them of 
unheard-of size. The subject, however, has continued to grow in interest and magnitude 
up to the present time ; and every year has added to the number of these track-discovered 
animals, (Lithichnozoa, as I call them,) that once roamed along the shores of the Connec- 
ticut, or rather of the estuary that then occupied that valley. In 1848, 1 made out a full 
and systematic account of all the animals which had left their tracks on the rocks of the 
United States, which was published in the Memoirs of the American Academy of Arts and 
Sciences, and also in a separate volume of one hundred and twenty-eight quarto pages, 
with twenty-four Plates. Fifty-one species were therein described, all but two of which 
were disinterred in the Valley of the Connecticut River, mostly in Massachusetts. But 
the work of discovery has since been going on ; and within the last two years the develop- 
ments have seemed to be more wonderful than ever, so that now I am able to describe no 
less than one hundred and nineteen species from the Connecticut Valley ; and the whole 
subject seemed never to need revision and new descriptions so much as now. 

Other circumstances increase the desirableness of a new and full account of these 
footmarks. One is, that a collection of them has now been made, embracing nearly every 
species, to which naturalists can refer, to test the accuracy of drawings and descriptions. 
This is an object at which I have been aiming for the last twenty years, and at length I 
have seen it accomplished. So long as we, who described the tracks, could not tell where 
naturalists would find the specimens which we described, — because they were scattered we 
knew not whither, — they had no means of testing the accuracy of our drawings and 
descriptions. But now that I am able to refer to the number of the specimen in a cabinet, 
which I have described and figured, others can correct my misapprehensions and mistakes. 
The late Hon. Samuel Appleton, of Boston, left by his will a large sum, to be appropriated 
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ICHNOLOGICAL CABINET. 



by the trustees on bis will, to benevolent and scientific purposes. Those trustees, 1 well 
known for their liberality towards worthy objects, appropriated $10,000 to the erection of 
the Apploton Cabinet at Amherst, the upper story of which, one hundred and ten feet long 
and forty-five wide, has been devoted to the large zoological collection, made by the late 
Prof. C. B. Adams ; and the lower story, one hundred feet long and thirty feet wide, to 
fossil footmarks ; and is hence called the Ichnologknl Cabinet, — as yet, I believe, the only 
cabinet in the world entirely devoted to this object. It is nearly filled with specimens, 
varying in size from a few inches up to thirty feet in length, and placed in the most 
advantageous position as to light, for their exhibition. Other benevolent individuals have 
contributed liberally for the purchase of these specimens, which have cost nearly $5,000. 
It will not be thought strange that I should strongly desire to describe these specimens, 
after devoting so much time, money and labor, to collect them. A sample of nearly every 
species that has been disinterred in the Connecticut Valley will bo found in this cabinet. 
It is my intention, in this Report, to give a description of them all, with references, also, 
to other permanent cabinets with which I may be acquainted ; as, for instance, the fine 
collections in the Boston Society of Natural History, that made by the late Dr. John C. 
Warren, and that in Yale College, and the Wesleyan University. 2 

To such an end have my efforts been directed for some years past, doubtful, however, 
whether Providence would permit me to accomplish it ; for so numerous are the illustrations, 
which a fair exhibition of the subject requires, that the aid of government is indispensable. 
But though my services in preparing such a Report be gratuitous, — and it gives the results 
of twenty years' study, — yet, since the facts brought to light, however interesting as matters 
of scientific information, are generally thought to have little bearing upon the economical 
interests of the State, can I reasonably expect that the government will incur the expense 
of their publication 1 If I had not had experience of the enlarged views of the legislators 



1 Hon. Nathan Appleton, Hon. William Appleton, and N. I. Bowditch, Esq. 

1 This cabinet happens to be connected with Amherst College; but it is really an offering to tho cause of science, rather 
than to any particular institution ; and, therefore, 1 have spoken of it more freely and described it more minutely in this 
Report, than 1 should otherwise have done. On this ground I feel constrained to add a list of the names of most of the 
principal donors, who have enabled me to (ill it with specimens by purchase and otherwise ; and without which aid I could 
never have prepared this Report : — 



John Tappan, Esq., Boston, . . . |S00 00 

Hon. David Sears, Boston, . . . 500 00 

Mrs. Abbott Lawrence, Roston, . . 300 00 

Gerard Hallock, Esq., New York, . . 250 00 

Hon. E. P. Prentice, Albany, ... 150 00 

Roswell Field, Esq., Gill, . . . . 125 00 

John M. Doubleday, Esq., Now York, . 100 00 

William Dickinson, Esq., Worcester, . 100 00 

Hon. Edward Dickinson, Amherst, . . 100 00 

John Clarke, Ksq., Northampton, . . 100 00 

James II. Welles, Esq., Now York, . 100 00 

Hon. Albert W. Porter, Niagara Palls, . 50 00 

Hon. Jonathan Phillips, Boston, . . 50 00 

Hon. Samuel Williston, Easthampton, . 50 00 

Hon. John C. Gray, Roston, . . . 25 00 



Dr. Nathan Allen, Lowell, . . 125 00 
William Ropes, Esq., Boston, . . . 25 00 
Donations of specimens by the author of 
this Report, (42,000) ; income of tho 
Natural History Fund, (1250) ; voted by 
the trustees of the college, (4150) ; sale 
of duplicates, (5118) ; from several other 
donors, ($100,) 2,024 00 



»5,154 00 

From the trustees on the will of Samuel 

Appleton, for the building, . . . 10,000 00 



815,154 00 
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of Massachusetts, and of their disposition to patronize the diffusion of scientific knowledge 
of various kinds, on the ground that theoretical knowledge often shows an unexpected 
practical application; — if, I say, I had not had such experience, I should hardly dare 
cherish such a hope. But as they have already promptly and fully published and 
illustrated my researches on this subject, I cannot doubt that the same liberal views 
will lead them to bring out yet other pages of this curious preadamic history of Massa- 
chusetts. 

I have spoken of this subject as if it had no bearings of consequence upon the 
economical interests of the State. But in this case there is an unexpected application of 
this sort, which certainly deserves attention. In describing the footmarks, it has been an 
important point to determine precisely where the rock, in which they occur, belongs, in 
the series of geological formations. The Connecticut River sandstone has proved one of 
the most difficult of rocks to identify with those whose position is settled in Europe and 
elsewhere. It was early regarded as old as the old red sandstone, or at least the coal 
formation. Subsequently, a part of it, at least was proved to be as new as the trias, 
or new red sandstone. But the more recent researches and discoveries of John and 
W. C. Redeield, of Prof. W. B. Rogers, and Edward Hitcticock, Jr., have produced 
the conviction that at least the higher beds of this formation, — those containing the 
footmarks, the fishes, and the ferns, — are as new as the lower part of the jurassic or 
oolitic series — say the lias. The lower beds may be older, and there seems to be 
thickness enough to embrace several rocks below the lias. 

So long as this rock was regarded as the old red, or the new red, sandstone, the 
idea of finding workable beds of coal in it was given up. But if it be liassic, as many 
now regard a part of it, it is identified with the rock in Eastern Virginia, containing 
beds of bituminous coal of great value ; and we may reasonably resume our researches 
after this valuable substance in the Connecticut Valley, with some hope of success. 
The facts and reasonings in this case will properly form the preliminary part of this 
Report. 

Were there time, it might be interesting to give a detailed history of the origin and 
development of the subject of footmarks, denominated Ichnology, or the science of tracks. 
They were doubtless observed much earlier than they were scientifically described. The 
first published account of fossil tracks was in 1828, by Rev. Dr. Duncan, of Edinburgh, 
in the Transactions of the Royal Society of Edinburgh. The tracks — those of a tortoise — 
were found upon the new red sandstone of Scotland. In 1831, Mr. Scrope, an English 
geologist, published an account of some small crustacean tracks on the forest marble, 
a variety of oolite. In 1834, a scientific description was given of the footmarks of an 
animal called the Cheirothcrium, on the new red sandstone, or trias, of Hildburghausen, in 
Germany. 

The footmarks in the Valley of Connecticut River were observed much earlier than 
any of the above dates. So far as I can learn, the first specimen was ploughed up in 
South Hadlcy, in 1802, by Pliny Moody, Esq., then a boy, and before he went to college. 
This specimen, containing a row of five tracks, was purchased by Dr. Dwight, of South 
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Hadley, and is now in the Appleton Ichnological Cabinet (No. So strikingly did 
these tracks resemble those of birds, that they were familiarly spoken of as the tracks 
of " poultry," or of " Noah's Raven." 

It was not, however, till the year 1836 that any attempt was made to describe these 
tracks scientifically. The year previous, some flagging stones were obtained in Montague, 
for the streets in Greenfield, by Mr. William Wilson, who observed impressions upon 
them which he regarded as tracks of the " turkey tribe." 3 They were observed by the late 
Dr. James Deane, who sent casts of them to me, secured them for my cabinet, ( Tridentipes 
elegans,) and gave it as his opinion, from their form and succession, that they were made 
by birds. After visiting all the quarries in my power during the summer, and discovering 
other and much larger specimens, I ventured to give a scientific description of seven 
species in 1836, in the American Journal of Science. With a few eminent exceptions, 1 
my views were not adopted by scientific men. Yet I continued to explore, and from time 
to time to describe, new species, till within six years, in which I labored almost alone, 
as the preceding bibliography will show, they amounted to thirty-two, and a general 
acquiescence was secured among scientific men in the views that had been advanced. 
But the bibliography prefixed to this Report will show by whom, and when, and where, 
these tracks have been described, up to the present time. A glance at this will save 
the need of a prolix description. 

I ought to say, that for several years, I merely gave names to these tracks with 
reference to their supposed affinities ; such as Ornithichnites, or stony bird-tracks ; Sauroi- 
dichnites, or like the tracks of Saurians, &c. But more recently, I have named the 
animals that made the tracks; as Brontozoum giganteum, or the huge animal giant: 
Polemarchus gigas, the huge leader in war : Aneyropus heteroclitus, or the strange anchor- 
footed animal, &C, &c. Without some such designations, it is nearly impossible, since 
they have become so numerous, to describe the different sorts of tracks ; ahd if, as the 
tracks show, these animals once had a real existence, why is there not as much propriety 
in giving them names from their tracks, as from bones in other cases? 

I trust that I need make no apology for the scientific form which I have given to 
the following descriptions. I do not believe that the tracks, especially, can be clearly 
and usefully described in a merely popular way; and yet I have added a more popular 
account of them to the detailed scientific descriptions, for any who have not the time 
or disposition to study the latter. 1 have been obliged to coin a few new terms, of which 
I have added a glossary at the end of the Report. These and the names of all the 
animals have been derived, after the usual manner, from the Greek and Latin ; and they 
can of course be fully appreciated only by such as are familiar with these languages. 
After all, there is but little in this Report that cannot readily be understood by intelli- 

1 Dexter Marsh, in a letter to Professor Silliman in 1848, says : " You will recollect that the first specimen of fossil 
footprints of birds ever brought into public notice in this country, was the slab I discovered among the flagging stone, while 
laying the flagging stone near my house, which Or. Deane first described to President Hitchcock as the footprints of birds." 
From this statement it would seem that Mr. Marsh was the first to notice these impressions. In conversation with Mr. Wilson, 
I understood him to claim the discovery. — Sec American Journal of Science, Vol. 0, New Series, p. 272. 

* Professors Silliinan, senior, Iluekland, Rogers, Emmons, &c. 
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gent men, — just such men as abound all over Massachusetts. Aware, from personal 
knowledge, how numerous they arc, T did not think it necessary or desirable to endeavor 
to write as if I were addressing children. 

Position on the Scale of Rocks of the Sandstone of the Connecticut Valley. 
The geologists who, near the commencement of the present century, first described 
the sandstone of the Connecticut Valley, (ex. gr. Maclure, Saxon, Sili.iman, and 
Cleveland,) regarded it as the old red sandstone. In 1823, in my Sketch of the 
Geology, &c, of the Connecticut, I limited this formation (the old red) to the beds lying 
below the trap, in Massachusetts, and called those above it the coal formation, some 
narrow seams of coal having been found in them. In my Report on the Geology of 
Massachusetts, in 1833, I presented reasons for supposing these upper beds to be the 
equivalent of the new red sandstone of Europe, while the lower beds were left unnamed. 
In my Final Report, in 1841, I took essentially the same ground. The strongest argu- 
ment for this opinion was based upon what is called the heterocercal character of the 
fishes found in these rocks, — such fish not having been discovered above the new red 
sandstone. I did not profess to be a good judge of this matter. But Mr. John 
Redfield, of New York, who had shown great skill on this subject, made me the 
following statement, just before I published my Report, and I of course acquiesced in it. 
" In my paper," says he, " upon the genus Catopterus, I stated, that in Agassiz's arrange- 
ment, it would come under the homocercal division of his family lepidoides. This 
statement was made with a great deal of hesitation ; and I now feel disposed to qualify it 
somewhat. The fact is, that this genus seems to occupy a sort of intermediate position 
between the two divisions ; neither being exactly equilobed, like the homocerci, nor yet 
having the decided heterocercal character which belongs to those genera which Agassiz 
has placed in that division. But from the strong analogies which, in other respects, it 
bears to the heterocercal fishes, I am inclined to think it should go among them." — Final 
Report on the Geology of Mass., p. 440. 

Assuming this opinion as to the heterocercal character of these fishes to be correct, 
and also that of Prof. Agassiz, as to the place on the rock series, where such fishes 
disappear, and the homocerques take their place, and the conclusion could not be avoided, 
that our sandstone was the trias, or new red. Mr. Redfield, however, had, some years 
earlier, suggested, from the character of the Catopterus, that this sandstone " might have a 
higher situation in the series than that assigned to it by geologists," because analogous 
fish had not been found below the lias. From a recent paper by his father, the late 
William C. Redfield, Esq., read before the American Association for the Advancement 
of Science, in August, 1 856, it appears that both those gentlemen are of opinion that such 
is the case, judging alone from the fish. And when we consider the great attention they 
have given to the subject, and how admirable a collection of fossil fishes they have to 
judge from, their views cannot but command great respect. Yet, in the language of Sir 
Philip Egerton, " although this character, derived from the organization of the candal 
fin, is one of great value and significance in the determination of various fossil genera of 
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fossil fishes, it is nevertheless necessary, in drawing general conclusions, to be careful not 
to assign to it more importance than it is strictly entitled to : for we find, by the com- 
parison of several genera, that it is not one of those well defined trenchant characters 
which can be affirmed to exist or not, as the case may be, but that it is variable in 
amount, passing from extreme heterocercy to absolute homocercy by a sliding scale so 
gradual that it is (at all events in fossil examples) most difficult to define a positive line of 
demarcation between the two forms." In the Connecticut River fossil fishes, so balanced 
are these characters that the same observer will place them in different classes at different 
times; and though, as we have seen, the soundest opinion locates them in the jurassic 
series, we need other evidence to confirm this conclusion. Such evidence we have in 
recent discoveries. 

Belts of sandstone, analogous in appearance to that of the Connecticut, cross the 
States of New Jersey, Pennsylvania, Virginia, and North Carolina. One of these belts in 
Virginia, and another in North Carolina, contains thick beds of bituminous coal. Many 
years ago, Prof. Wit B. Rogers made it very probable that the Virginia deposit should 
be referred to the lower part of the oolitic or jurassic series, like the coal formations 
of Whitby and Scarborough in Yorkshire, England. For he found in the Virginia rocks 
specimens of Equisetum, Zamites, and Lycopodites,. among the fossil plants, and two 
species of Posidonornya and two of Cypris among the shells. These fossils have not yet, 
indeed, been found in the Connecticut River sandstone; but there is such a general 
resemblance between the Virginia and Connecticut rocks, as to lead Prof. Rogers to 
regard them as probably identical. — Proceedings of Boston Society of Natural History, 
1854, p. 14. 

Still more decisive as to the jurassic, or rather, perhaps, liassic , character of the 
upper part of the Connecticut River sandstone, are the discoveries of Edward Hitchcock, 
Jr., M. D., in the strata of Mount Tom, in Easthanipton.'' He has found there a species 
of Clathropteris, (C. rectiusculus,) a peculiar fern found in Europe, only in the lower part 
of the lias and upper part of the trias. It occurs not far from the middle of the sand- 
stone of the valley, measuring its perpendicular thickness. It may safely be concluded, 
therefore, that the rock above this point corresponds to the lias, or lower part of the 
jurassic series. The importance of this fern in deciding this question, has led me to 
present two sketches of specimens in the geological cabinet of Amherst College. See 
Plate V., fig. 1, and Plate VII., fig. 1. The first shows that the fronds of this fern 
radiated from the top of the stem, like many trqpical ferns of the present day, — a fact 
not shown, I believe, on the European specimens. But our cabinet contains two very 
distinct examples. 

Another discovery by Dr. Hitchcock, Jr., in the same sandstone, is that of a shell 
or mollusk, — preserved, not petrified, — which, although greatly injured, is allied, appa- 
rently, to the rudistae of Lamarck, especially to the sphaerulites and hippurites. This 
family of shells on the eastern continent seems to be chiefly confined to the chalk 



6 Sec his description in American Journal of Science, Vol. 20, p. 22, New Series. 
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formation ; and though the specimen is too much injured to have its genuine character 
determined, this fact gives plausibility to the opinion that the deposit containing it is 
newer than the trias. As it is the only shell that has ever been found in the sandstone 
of this valley, I give a sketch of it. The original is now in Amherst College. See Plate 
V., fig. 2. 

An interesting specimen of some small animal in a fossil state has been found by 
Roswell Field, Esq., in the shale of Turner's Falls, which deserves notice in this con- 
nection. Two sketches of the animal, drawn for me by Mr. F. A. Ltdston, of Spring- 
field, are given on Plate VII., figs. 3 and 4 : the first of the natural size, and the other a 
somewhat enlarged view, as seen by the microscope. These show that the creature was 
articulated, the segments being twelve or thirteen pretty uniformly, corresponding to the 
larva of an insect; but it seems, also, to have had several legs along the central parts 
of the body, and these made its crustacean character so probable, that I put it into the 
hands of Professor J. D. Dana, with the request that he would describe it and name it, 
since he is so familiar with that class of animals. But just as this sheet was passing 
through the press, he returned the specimen with the following remarks, which are too 
valuable to be lost, and which, therefore, I venture to insert in the proof sheet, though I 
have not time to ask his permission. He says, under date of May 11, 1858: "I have 
taken up your specimen over and over again, trying to resolve doubts, but still remain 
undecided ; my mind has gradually come to the suspicion, if not belief, that it is a larve 
of an insect, and not crustacean. I question much whether the depressions on the right 
side are impressions of true legs ; and those on the other side are still less like any 
thing of the kind ; they appear to mark a line or suture in the shell of the segment. 
I agree with you that your artist has not done justice to the specimen. I have 
made a rude sketch, merely to indicate some of the characteristics which he has failed 
to bring out, and which appear to be of special importance. I should regard A to C 
as corresponding to the head and corselet of the larve, (A the head, B to C the three 
segments of the corselet,) and C to D as the abdomen. As I cannot make it crustacean, 
and my knowledge of insects is quite limited, I return the specimen without attempting 
a description." 

" Postscript. — The larve was probably a larve of a neuropterous insect, which often 
has false legs along the abdomen ; but if so, it is surprising that there are no legs to the 
corselet, neuropterous larves having three pairs." 

I introduce below the " rude sketch " of Professor Dana, and regret that his modesty 
prevented him from giving a name and full description, though he has, in fact, stated all 
that is essential ; hut as a name is convenient for reference, I venture to propose that of 
Mormolucoides articulatus, (from poutoXiixtj a larva, and udog an appearance ; meaning 
an articulated animal resembling a larva.) But whether it was a real larva I have been 
led to doubt, if it be true as stated by Milne Edwards, that " the larva condition of 
many living species typify, or are types of, adult forms or species now extinct." Does 
not this principle lead to the conclusion that though in appearance a larva, this animal 
was really an adult insect 1 But whether a larva or an adult, it increases the probability, 
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as do the thirteen species of insect tracks to be described, that the rock in which they 
occur is oolitic ; for of the fifteen hundred and fifty-one species of fossil insects described 
by Bronn, only nine occur below the oolite, and one hundred and nineteen in that 
formation. 




In the geological cabinet of Amherst College is a cone from one of Mr. Field's 
quarries, so much resembling some described in Europe from the Wealden, that a sketch 
of it is subjoined : Plate VII., fig. 2." Compare this with fig. 244 of Lyell's Manual of 
Elementary Geology, fourth edition. I have seen no description of such cones in rocks, 
below the oolite. Branches of coniferous trees occur in connection with the cone, as is 
shown in the sketch. They are quite common in the formation. 

Other fossil plants and trees of great interest occur in this sandstone. At the 
Portland quarries in Connecticut, trunks, apparently of tropical trees, are found, entirely- 
converted (mechanically, as it seems to me) into sandstone. One in the geological 
cabinet of Amherst College is thirty inches long and twelve inches in diameter : another, 
eight and a half feet long, and twenty-four inches in diameter at its base. Similar trunks 
occur in New Jersey, in what Mr. W. C. Redfield calls the Newark Group, but of less size ; 
and I have found them, hardly as perfect, however, at Greenfield, in Massachusetts. 
These trunks have reminded me of those which the European cabinets contain from the 
oolite of the Isle of Portland. But ours will need more study before any sure conclusions 
can be drawn from them as to the age of the formation. 

I mention only one other fact in corroboration of my conclusion as to the age of this 
rock. In my Final Report on the Geology of Massachusetts, I have described a fetid and 
bituminous limestone as one of the varieties of rock interstratified with shales and sand- 
stones in the Connecticut Valley. I have recently traced this limestone with more care, 
and find it laid open in four places in West Springfield, besides the north bank of 
Chicopee River, namely, at what is called the Bear's Hole, Panic's Quarry, Meacham's 
Quarry, and a quarry two miles south of the north line of the town, and two and a half miles 
west of the river ; so that I cannot doubt that it forms a continuous bed, at least ten feet 
thick, and six miles long. Much of it is a blue compact limestone, much resembling the 
lias of England. It lies near the base of that series of rocks — sandstones and shales — to 
which the preceding reasoning applies, having the same easterly dip of about 20°, as the 
including sandstone and shale, and not far above the trap of Mount Tom. 1 have not been 
able, however, to find in it any organic remains which can certainly be identified, although 
I was tantalized by the description of some of the quarrymcn of the perfect shells they 
used to find in it. But all such statements, in the absence of specimens, must pass for 

4 This also WM sketched by Mr. Lytlston- 
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nothing. Tlic situation of this rock, however, and its lithological characters, do certainly 
make it probable that it may be the equivalent of European lias. It has the position 
which the lias would have if the preceding reasoning be admitted, and perhaps it is no 
harder to explain the absence of organic remains from this rock than from the associated 
sandstone. The valley was probably an estuary, where the flesh water so predominated, 
that marine animals scarcely lived in it, although the shores were tenanted by numerous 
races of all sizes, as we shall see shortly, in describing the tracks. 

The evidence, then, seems already strong and rapidly accumulating, that at least a part 
of the sandstone of the Connecticut Valley is as recent as the lias, and possibly some beds 
even more recent. But does this conclusion and the preceding reasoning apply to all the 
sandstone of the valley 1 or only to certain beds ? This question I have been trying to 
solve for several years. In order to do it, I found it necessary to obtain several reliable 
measured sections across the valley ; a work which none of us, who for so long a time 
have been trying to fix the place of the sandstone, had ever attempted. In 1853, assisted 
by the class in Amherst College who graduated the next year, I measured a section which 
crossed the valley through Turner's Falls. In 1854, aided by the class of 1855, 1 measured 
a section across Mount Tom; in 1855, another through Springfield; and in 1856, another 
across Mettawampc, in Sunderland, aided by the class that graduated that year. For the 
heights I used an aneroid barometer ; for the dips, a clinometer, and whenever necessary a 
tape measure for distances. But in most cases I could avail myself of the State Map, 
which is so accurate that it may be thus employed. 

All these sections I have attached to the present "Report (Plate II. and III.). And 
though from the necessary use of two scales, one for the height and the other for distances, 
the hills are too steep, in other respects they give a correct view of the position, dip, 
and thickness of the different strata, errors of measurement excepted. The localities of the 
footmarks and other important fossils are also given, and I have found these sections 
eminently instructive, correcting my ideas respecting the character and position of the 
strata. I found, however, that in order to have all the desirable facts under my eye, it was 
necessary to construct a geological map of the valley, on which should be marked not only 
the different rocks, but their strike, the lines of the several sections, and the spots where 
the most important fossils occur. (See Plate II.) Taking this map and these sections as 
my guide, I would now make some inferences respecting the rocks, which may correct false 
impressions, and lead to a true theory as to their character and position. 

I ought perhaps to premise, that the sandstone of the Connecticut Valley commences 
in Northfield, near the New Hampshire line, and extends entirely across Massachusetts and 
Connecticut, reaching Long Island Sound at Xew Haven, where it is only a few miles wide. 
I have extended the map to the Sound, to give a complete view of the formation, although 
my examinations have been chiefly confined to its northern and central parts. It embraces 
all the localities of footmarks and other important fossils. The greatest width of this 
trough is on a line crossing the mouth of Farmington River ; though in the latitude of 
Springfield, where one of our sections was taken, the width is not much less. The entire 
length is about one hundred and five miles. 
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Several ranges of trap rock, (greenstone, amygdaloid, and volcanic grit,) traverse this 
sandstone longitudinally, Laving for the most part a north-easterly trend, and being generally 
in the form of interstratified beds or masses. In no place, save near the north end and for 
a few miles in Amherst, would it be possible to trace a section across the valley, without 
intersecting a bed of trap : and hence all the sections given herewith, show that rock ; the 
thickest at Mount Tom, and the thinnest on Mettawampe. I have not given all the smaller 
trap ranges, as traced out with great minuteness and accuracy upon Dr. Percival's Geological 
Map of Connecticut, but have shown only the principal ranges. 

Dip and Strike of the Strata. 

The map and sec tions will give a correct idea of both these particulars. It will be seen 
that in general the dip is easterly, varying from 5° up to 50°. There are, however, a few 
exceptions, chiefly near the margins of the sandstone. Thus on the Springfield Section, it 
will be seen that there is a westerly dip as we approach the hypozoic rocks in the west part 
of Westfield. Again on the Turner's Falls Section, near the east end, we find somewhat 
of an anticlinal axis, giving a slight north-westerly dip, though the stratification at this 
spot is obscure. In Hatfield, also, I have observed a westerly dip extending even across 
the river to the granite of Mount Warner, as is shown in the Norwottuck Section, Plate III. 

The strike in general is north-easterly and south-westerly, ranging, however, between 
north and south and east and west in particular places. This is particularly the case where 
the trap ranges curve so as to run in the same direction, as at Mount Holyoke and in Gill. 
This fact I shall recur to in another connection. 

Varieties of Rock on the Sections. 
It needs but a cursory examination of the rocks crossed by our sections, to be able to 
make in them two very distinct groups. All along the west side of the valley, even to Long 
Island Sound, we find a coarse, thick-bedded sandstone, whose prevailing color is red, but 
which is sometimes mottled, and near the trap and the hypozoic rocks, sometimes nearly 
white. It is rare to find interstratified shales or any other rock in this sandstone. The 
fragments are sometimes very coarse, making in fact a coarse conglomerate, whose layers 
are from two to four feet thick. The fragments were derived mainly from hypozoic rocks, 
chiefly from granite. 

It will be seen that this sandstone in the northern parts of the basin, — altogether in 
fact in Massachusetts, — underlies the trap, and is west or north-west of it. Just within the 
limits of Connecticut, according to Dr. Percival, is a trap range passing through Granby, 
Simsbury, Canton, and Avon, along the western side of the basin; but in Massachusetts 
this rock has not extended itself into the lower sandstone beds above described, although I 
have sometimes observed that slaty sandstones and even shales do extend for a few feet 
beneath the trap. 

Immediately above the trap, that is on its east side, the rocks are quite different ; 
consisting of interstratified red and black shales, volcanic grit, micaceous sandstones, red, 
gray and white, and compact fetid blue and gray limestone. Still higher up, that is farther 
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east, we have a recurrence of coarser sandstones, becoming in some places thick-bedded, 
and resembling those below the trap, but generally distinguishable by the eye. Still farther 
east, on the very margin of the valley, we find a coarse conglomerate in a few places, of 
quite peculiar character. It is made up chiefly of fragments of slaty rocks, augillaceous 
and silicious, such as we find in places farther north, among the mctamorphic strata. The 
fragments are sometimes several feet in diameter, and the stratification of the rock is very 
obscure. It looks in fact like a consolidated mass of drift. 

Now it is in the shales and sandstones lying immediately above the trap, that we find 
organic remains — the fishes, the tracks, and the plants. Those rocks, then, if our reasoning 
is correct, are of jurassic or liassic age ; but the reasoning does not apply to that thick 
deposit below the trap ; for in those rocks I have never detected any organic relic save 
fucoids, and perhaps a few trunks of trees, some six or eight inches diameter. This rock, 
then, may be older than the lias, and it has great thickness. And so the remarkable 
conglomerate along the eastern margin of the valley, may be a distinct and more recent 
deposit than the jurassic, since organic remains, with the exception perhaps of one or two 
species of footmarks, have not been found in it. 

"We see then that from lithological characters alone, we should be justified in regarding 
this sandstone as belonging to two and perhaps three geological formations ; and since the 
organic remains supposed to be jurassic scarcely extend below the trap, we may reasonably 
assign the inferior beds to an older formation ; — what one, remains to be determined. Let 
us see whether other facts derived from the dip and thickness of the strata do not sustain 
the same view. 

Dip of the Beds beiieath the Trap the greatest. 

If I have rightly represented the dip on the accompanying sections, the lower beds 
have upon the whole a higher, though not much higher, inclination than those above the 
trap. It is not so obvious on the Turner's Falls Section as it is upon that crossing Metta- 
wampe, which mountain shows an average dip of only 5° to 10°. The same thing is 
obvious by comparing the strata west of Mount Tom with those on the cast in South 
Hadley and Granby. How this may be in Connecticut, where a section would cross several 
trap ranges, I am not prepared to state certainly : but we have the testimony of Dr. Percival, 
the indefatigable explorer of the trap of this valley, that the same group of rocks as above 
described exists in Connecticut. The trap, he says, is " bordered on the west by sandstone 
and overlaid on the east by a band of shale, behind which extends another range of 
sandstone." — Geological lieport, p. 409. 

This want of conformity between the beds above and below the trap, seems in my 
judgment to be great enough to give plausibility to the opinion that they belong to two 
formations. 

Thickness of the Strata. 
I refer to their perpendicular thickness, supposing them originally horizontal. I have 
obtained the amount in the usual way, by calling the distance across the upturned edges 
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the hypothenuse, and the dip one of the angles of a right-angled triangle, whose perpen- 
dicular, obtained in the usual way, is the thickness. If, however, the section cross the 
strata obliquely, it requires the solution of a second triangle before the true thickness is 
obtained. 

Wrought out in this way, I confess that the results give a much greater thickness 
to the sandstone of this valley than I had anticipated. The numbers stand as follows : — 



Whole thickness on the Turner's Falls Section, 11,978 feet. 

Do. on the Mettawampe Section, 6,953 

Do. on the Mount Tom Section, 12,241 

Do. on the Springfield Section, 21,862 

The following numbers give the thickness of the several sections above and below the 
trap :— 

On the Turner's Falls Section, above, 4,190 feet. 

below, 7,788 

On the Mettawampe Section, above, 1,584 

below, 5,283 

On the Mount Tom Section, above, 8,102 

below, 5,115 

On the Agawam andChicopee Sections, above, 11,500 

below, 8,128 

The length of the several sections is given below : — 

1. Turner's Falls Section. Above or east of the trap, deduct- 
ing 80 rods for disturbed strata at the east end, 1,012 rods. 

Below or west of the trap, 1,230 



Total, , 2,242 

2. Mettawampe Section. East of trap, 790 

West of do., 1,170 

Total, 1,960 

3. On the Mount Tom Section. East of trap, 2,240 

West of do., 1,360 

Total, 3,600 

4. On the Springfield Section. East of trap, 4,080 

West of do., less 480 rods at 

end, 1,680 

Total, 5,760 
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I omit here the Nonvottuck Section, as not throwing mucli light on the points under 
consideration. 

The Turner's Falls Section and that along Chicopee River, were necessarily measured on 
more than one line : that is, it was necessary in order to pass over the spots where the 
rocks were best developed, to turn a little in different directions. This would make the 
section a little longer than it ought to be, but would produce no important error. The dip 
or strike usually varied somewhat on these different courses, and it was necessary, as the 
line of section always crossed the line of strike obliquely, to calculate the perpendicular 
thickness for each course separately. I first obtained the perpendicular surface thickness 
by forming a right-angled triangle with the strike and the line of section, and then, using 
this thickness as the hypothenuse of another right-angled triangle, and the dip as one of the 
acute angles, I found the net or true thickness sought. That others may know what data I 
used, they are subjoined : — 



LOCALITY. 


Course of Section. 


Length. 


Dip. 


Strike. 


1, Turner's Falls Section. 
E. end (less 80 rods) to Horse Race, . . . 


N. W. and S. E. 


Bods. 
200 


28° 


W. 10° N. 




W. 15° N. 


300 


32° 


W. 10° N. 


Lily Pond to Dx\ Field's Footmark Quarry, 


Do. 


168 


34" 


N. 70° E. 




W. 10° N. 


240 


37° 


N. 70° E. 


Falls to Rockv Mt. (Trap), 


N. 25° W. 


104 


39° 


N. 50° E. 


Rocky Mt. to W. end of Section, .... 


W. 4° S. 


1,230 


35° 


N. 44° E. 


2. Metlawampe Section. 


E. and W. 


790 


7° 


N. and S. 




E. and W. 


1,170 


16° 


N. and S. 


3. Mt. Tom Section. 
Rock Rimmon to Mt. Tom, 


E. and W.', 


2,240 


14° 


N. 25° E. 


Mt. Tom to S- Hampton Lead Mine, . . . 


E. and W. 


1,360 


15° 


N. 25° E. 


4. Chicopee Section. 


E. and W. 


960 


20° 


N. 45* E. 


Indian Orchard to Trap in Wcstlicld, . . 


E. and W. 


3,120 


10° 


N. 30° E. 




E. and W. 


1,663 


20° 


N. 30° E. 



INFLUENCES FROM THE SECTIONS. 

A careful examination of the accompanying sections and geological map, with the 
preceding description, will throw light upon several important points connected with the 
sandstone of the Connecticut Valley. 

1. Thickness of the Strata. 
As to the actual thickness of the deposit the evidence is certainly not satisfactory 
The different sections differ very much on this point, and all of them give such an amoun 
of thickness as far exceeds all our previous notions. Some circumstances might partial!] 
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explain these facts. The Turner's Falls Section, for instance, in the part above the trap, 
runs too nearly on a line coincident with the strike of the strata to give accurate results. 
.It seems in fact to cross what was once the north end of an estuary, nearly in the same 
direction as the layers of sandstone are deposited ; that is, on their strike. The compara- 
tively small thickness on the Mettawampe Section, east of the trap, might he explained by 
the great amount of erosion to which it has been exposed upon so elevated a spot. But I 
cannot in this way bring the results into full harmony. 

Did we find axes of elevation and subsidence in this sandstone, we could easily explain 
the great thickness of the whole, by saying that these were reduplications. But the almost 
uniform easterly dip and the want of correspondence in the rocks on opposite sides of the 
valley, make such an explanation quite unsatisfactory. In the broader part of the valley, 
on the Springfield Section, the lithological characters of the rock on the east side of the 
valley are considerably like those of the rock on the west side, and it is possible they might 
have been once connected in an arch over the trap. But on the other sections the rocks 
occupying opposite sides of the valley, are totally unlike. 

The opinion has been advanced by several able geologists that the strata of this sand- 
stone, both in New England and New Jersey, were deposited in their present inclined 
position, and not subsequently elevated. That some part of the dip may have been thus 
produced, may perhaps, be admitted, as in all other sedimentary deposits. But the following 
reasons seem to me insuperable against the opinion that these sandstone strata have not 
been tilted up subsequent to their deposition : — 

1. If the strata had been deposited over the floor of the estuary, they must have 
conformed to the inequalities of the surface, and this, being composed of hypozoic or 
metamorpkic rocks, must have been quite uneven, so that the inclination would have been 
in all directions, and not so uniformly to the south-east. 

2. The materials composing the deposit correspond better with the rocks now found 
up the valley north of the sandstone, than with those on the east or west sides. 

3. Since the hills on both sides of the valley rise sometimes as much as one thousand 
feet, if the deposition had begun on the west side, as it must have done to have an easterly 
slope, the same inclination could not have been continued to the very foot of the eastern 
hills, since these must have been above the ocean, or if beneath, they must have prevented 
the waves from silting up the valley from that direction. If the sides of the valley were 
above the waters, as seems almost certain, the materials must have been carried into the 
estuary by the tributaries from both sides, as well as from the north. And as the estuary 
must have opened to the south, the silting up must have been from that direction. 
Probably, however, the current that came from the north, down what is now the Connecticut 
Valley, had more to do than the ocean with spreading out the materials over the bottom. 

4. The prevailing dip of the sandstone in New Jersey (the equivalent doubtless of that 
along the Connecticut) is opposite to that in Massachusetts and Connecticut. If the ocean 
deposited the former with a westerly dip, is it credible that on the same coast, a few hun- 
dred miles distant, it should place the latter with a contrary dip I It looks rather as if an 
anticlinal axis, or elevation between them, had been concerned in the tilting up of both. 
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5. The most perfect and delicate footmarks arc found on this sandstone on slopes from 
10° to 40°. At Turner's Falls you will see the finest of them where the dip is 40°, running 
in all directions, and yet showing no marks of distortion as if the animal walked on an 
inclined surface. Now in the first place, no animal could walk over a slope so high but 
with difficulty, and certainly not without impressing one part of its foot much deeper than 
others. I have occasionally seen cases where the heel sunk twice as deep as the toes : 
but this would require a dip of only some 10° to 15°, whereas at the Falls and at Mr. 
Field's quarries, where the dip is nearly 35°, the imprints are so evenly made as to indicate 
that the animals moved over a horizontal surface. 

I see no way of escaping from the force of this last argument to show that this sandstone 
has experienced an upheaval since its deposition. I am confident that no one, who has 
paid attention to the tracks of living or extinct animals, will doubt that this fact decides 
the question, certainly as to those places where it exists. And when to this we add the 
force of the other arguments adduced, it seems fair to conclude that original deposition on 
a slope will not account for the dip of our sandstone. Suppose we should even allow 
that one-half of the dip was thus produced. There would still remain a thickness of strata 
sufficient to embrace not merely the oolite, the trias and the permian, (in all scarcely five 
thousand feet,) but still more. 

Another and more plausible mode of explaining the great thickness of the strata on 
these sections, is by supposing faults to exist in the sandstone, so that the strata have been 
measured more than once. I should be quite willing to admit this solution of the difficulty, 
had I been able to discover the evidence of such faults and dislocations of the strata. But 
I have found none of any consequence. We can hardly doubt that along the line of the 
trap ranges such faults exist ; and, indeed, in my Final Report on the Geology of Massa- 
chusetts, I presented some facts leading to such a conclusion. But I have never found 
any evidence of consequence that the same strata are repeated along any of the sections. 
Certainly the extensive formation below the trap has very little resemblance to that above, 
and the one could not have been produced from the other. Besides, if there be a fault 
along the ridges of greenstone through which they were protruded to the surface, it could 
not have affected the strata below the trap. And this gives us a deposit on all the sections 
over five thousand feet thick ; the rock being quite uniform in character throughout ; while 
above the trap, all will admit thickness enough of rock for all the liassic and oolitic series 
of Europe. 

2. Mode in which the Sandstone has been elevated so as to have an easterly dip. 
Knowing that trap rock had an igneous origin and was of course erupted from the 
earth's interior, and finding so many ridges of it running through the Connecticut Valley, 
it was natural to suppose that the associated sandstone was tilted up by this agency. Such 
has been the opinion of able geologists. Such I judge was Dr. Pkucival's impression. 
For he says : " The sandstone ridges are arranged generally obviously in conformity with the 
arrangement of the trap system, and apparently owe their elevation to the same, force which 
has elevated the trap." — Report on the Geology of Connecticut, p. 408. 
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I acknowledge that an examination of the sections appended has compelled me to 
abandon this opinion, to which I had once been inclined. We find proof, indeed, that in 
some places the trap has been intruded among the sandstone strata in such a manner as to 
change somewhat the dip and strike for a limited space, as at the mouth of Miller's River, 
at the east end of Norwottuck and near New Haven. But the great body of the sandstone 
seems not to have been affected essentially by the trap, as the following arguments appear 
to me to show ; — 

1. The amount of trap is too small to have accomplished such a work. 

One does not get a full conviction of the small relative quantity of this rock till he 
inspects a section. The largest body of trap in the valley is Mount Tom. Yet imagine 
this to be placed beneath a horizontal deposit of sandstone eleven miles wide, (which is the 
length of the Mount Tom Section,) and to be forced up through it. For how small a part 
of the distance would it have tilted the strata ! Still more inadequate appears the narrower 
ridge of rocky mountain on the Turner's Falls Section, which is seven miles long. Yet more 
insufficient does it appear on the Mettawampe Section, and least of all, probably, on the 
Springfield Section, which is eighteen miles long. 

2. The protrusion of trap along the lines where its ridges now exist, could not have 
produced an easterly dip through the whole formation, but rather an anticlinal dip. In 
receding from the axis, both east and west, the dip would be less and less, until it entirely 
died out. It is not possible that such an agency should give a general easterly dip, unless 
it were exerted along the very western edge of the formation : and we have seen that in 
Massachusetts no trap occurs in the thick-bedded sandstone occupying the western half of 
the valley, although we do find it in that position as we pass southerly into Connecticut. 
True, we find in a few places along the western margin of the valley, a westerly dip ; but 
it never reaches within a mile or two of the trap, and seems to have originated in some 
other agency. The conclusion, then, seems very reasonable that the elevation of the sand- 
stone was not due to the trap, though in a few places I think there is evidence that the 
trap has modified the dip and strike for a limited extent ; as I shall attempt to show in 
speaking of the manner in which the trap has been intercalated. 

3. It is impossible that the trap should have had any thing to do with the tilting up of 
the strata that lie below or to the west of itself. 

It lies upon their upturned faces, and therefore, its only effect would be to press 
them down. Yet if we judge from the sections, we have strata some thousands of feet 
occupying this subjacent position. Nay ; the dip below the trap is decidedly larger than 
above, as the preceding statements will show. I cannot conceive by what ingenious 
reasoning any can reconcile this fact with the opinion that all the sandstone was tilted up 
by the trap. It ought surely to put us upon searching for some other cause for its elevation. 

Justice to myself, perhaps, requires me to state that in my Final Report on the Geology 
of Massachusetts in 1841,1 referred it to the same agency that raised thehypozoic or meta- 
morphic rocks, forming the sides of the valley. I am still of the same opinion. It is well 
known that these older rocks, extending from Canada to Alabama, have experienced a lateral 
or plicating movement by a force from the south-east. These movements, most active during 
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the silurian period, doubtless continued in diminished waves, as late as the triassic and 
jurassic periods. The fact that the strata run in the same direction as the Appalachian 
ridges, while the valley itself has a direction more nearly north and south, is a strong proof 
that the elevation of the strata had a connection with this wide movement. I think myself 
that the strata below the trap were somewhat raised up before the eruption of the trap, and 
that the entire formation experienced a second tilting process after the deposition of the. 
strata above the trap. 

I really do not see how any force acting beneath the strata could have raised them into 
the position they now occupy, across so wide a valley. But if the sides of the valley were 
crowded nearer together, the inevitable result would be to throw up the edges of the strata 
more or less according to the amount of lateral movement. We might expect, also, 
especially if the elevating force did not act exactly at right angles to the direction of the 
valley, that along the somewhat irregular sides there would be places where the strata, 
subjected to unusual pressure, might be made to dip westerly, and be bent and distorted, — 
as we find they are at the east end of the Turner's Falls Section and the west end of the 
Springfield Section, and in one or two other places. In short, this mode of elevation by 
the great Appalachian movements, meets and harmonizes all the facts ; while that by the 
protrusion of trap, scarcely agrees with any of them. 

3. Mode in which the Trap Rock has been intercalated among the Sandstone. 
Two theories have been defended on this subject. One is that the trap was intruded 
from beneath among the sandstone strata after their deposition and consolidation. The other 
is, that after the lower beds of sandstone were deposited, and perhaps somewhat tilted up, the 
trap was thrown up from beneath and spread over the upper part of the strata, the mass 
rising in many places above the waters which then covered most of the valley. Subse- 
quently the work of depositing the sandstone was resumed, and that which lies above the 
trap was laid down. New outbursts of the trap, however, occurred at subsequent periods ; 
but less in quantity, as if the eruptive force were dying out. Hence we almost always find 
a second but smaller interstratified" mass of trap to the east or above the main one. 

It will help us to arrive at a just conclusion on this point to state the relative situation 
of the trap and sandstone. The sections show it at a glance, so far as Massachusetts is con- 
cerned. For here the trap is always interposed between the strata of sandstone. Even 
where the trap range seems to cross the sandstone, I find that in fact it is interposed in 
successive beds as shown on the Norwottuck Section, which crosses the east end of what 
was formerly called the Hoi yoke range. Indeed, I have never met with a real dyke of trap 
in Massachusetts. But in Connecticut, especially the southern part, they are not uncommon, 
as is shown by Dr. Percival, and as was shown by myself as long ago as 1823, in the 
sixth volume of the American Journal of Science. Indeed, although Mount Tom is the 
largest mass of trap in the valley, yet Connecticut appears to me to be rather the focal 
region of that rock. I do not doubt that deep in the earth, some of the same dykes which 
appear at the surface in that State, do extend northward into Massachusetts, and that through 
them the trap ranges were protruded. But the outbursting masses seem to have spread 
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over the faces of the sandstone strata, instead of bursting through them, and rarely if ever 
do we even find overlying masses of the trap — I mean on the edges of the sandstone. 

My own opinion is decidedly in favor of the second of the foregoing theories as to the 
orgin of our trap, and for the following reasons : — 

1. The dip of the sandstone below the trap is upon the whole larger than above it. 
This is shown on the sections and in the table we have presented a few pages back. On 
the Turner's Falls Section, indeed, there is a slight increase of dip as we approach the trap 
on the cast side and the intrusion of the trap may be the cause. Yet if the strata have 
been tilted up by a force acting from south-east to north-west, such is the position of the 
trap and the sandstone at that spot, that this lateral force would give a higher dip to the 
strata at Turner's Falls than farther east, because the former, from the north-east trend here 
taken by the trap, would be as it were wedged in more than farther east. The same is true 
on the Norwottnck Section, and these are the only two places where I find the high dip of 
the strata to favor at all the theory of mechanical intrusion after the consolidation of the 
sandstone. Almost everywhere there is the want of evidence of any such mechanical 
violence. Every thing appears as if the trap formed successive layers deposited along with 
the sandstone, and not subsequently introduced ; except that the masses of trap, as at Mount 
Tom, are swelled out in the middle and abruptly terminated at the ends. In such cases the 
sandstone above mantles around the trap, conforming to its inequalities, not as if that rock 
were forced through it, but as if the sandstone were deposited upon the trap subsequent to 
its consolidation. 

Now if the trap had been forced in mechanically among the strata after their consoli- 
dation, it must everywhere have tilted up the sandstone at a higher angle than its dip farther 
east. It cannot, therefore, have been thus intruded. I think, however, that in some places 
there may have been an upward movement of the trap since its first intercalation. It would 
be strange if the successive outbursts, which we know to have occurred, should not have 
crowded farther upward in some places that which had been already introduced. 

2. The existence of successive beds of trap interstratified with the sandstone, and 
especially of volcanic grit, or trap conglomerate, after 'the production of the main body, 
makes it very probable that the sandstone above the trap was not deposited till this latter 
rock had assumed essentially its present position. 

The trap conglomerate is almost as distinctly stratified as is the sandstone, and always 
lies above the trap, and usually separated from it by beds of sandstone. It is mainly com- 
posed of comminuted trap, sometimes vesicular, embracing fragments of the same along 
with pebbles of other rocks, and passes sometimes into regular trap. It seems to have been 
the joint work of fire and water. If a slight outburst of melted matter were to be spread 
over the bottom of an estuary, already partially occupied by sand and gravel, such a sort of 
rock might be produced ; or more usually, perhaps, the waves wore off both the trap and 
the sandstone, and redeposited them. Indeed, I cannot see how else but by the action of ice 
and water the fragments of trap in this rock could have been broken off and rounded. So 
that the stronger probability is, that a large part of the volcanic grit and conglomerate were 
thus produced, rather than by the flowing of melted trap over a surface of sand and gravel. 
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I have formerly expressed the opinion that this tufaceous conglomerate might have 
resulted from some precursory outbursts of trap earlier than the production of the principal 
masses, such as Holyoke and Tom for example. But a measurement of the appended 
sections has led me to change that opinion, and to suppose that the principal masses were 
the first to be erupted ; for the smaller masses lie above these with sandstone interposed ; 
and, therefore, must have been of subsequent date. Indeed, every appearance indicates 
that the sandstone was deposited quietly upon the great masses of trap, which have not 
been since moved to any great extent. And the occurrence of the trap conglomerate con- 
firms the opinion that the principal or lowest masses of trap must have furnished the 
materials for its production. It shows too, that the erosion of the trap and the gathering 
together of the fragments to form a new rock, must have been a work requiring much time 
and could not possibly have been paroxysmal. 

The same thing is taught by the interstratification of the beds of genuine trap, only a 
little in advance of the main bed, and below the trap conglomerate, separated from both by 
shales usually. For how absurd to suppose that these advanced trap beds, also, were thrust 
in between the layers of shale after their consolidation, and yet have left no trace of such 
intrusion, although it could not have been done without tearing those shales to pieces, — 
certainly it must have given the layers above the trap a much higher tilt than those below. 

3. The position of the fossil footmarks in this valley makes it probable that the sand- 
stone was deposited upon the trap, instead of being rent asunder and tilted by its intrusion. 

The map and sections will show that these footmarks, with only three or four excep- 
tions, lie above the trap, and at no great distance. Now the occurrence of rain drops with 
the footmarks shows that the surface on which both were made was above the waters. 
There can, indeed, be no doubt that the tracks were impressed by animals walking along a 
muddy shore, generally out of the water, but sometimes wading a little into it. And these 
impressions are continued on successive layers to the thickness of several rods, almost 
without interruption, as on the banks of Connecticut Kiver in the south part of 
Northampton. It seems certain in such cases that the animals walked over the mud as the 
layers were deposited. Thus we are made certain that there was a shore just above the 
trap while the successive strata were in a course of deposition. The probability is that the 
eruption of the trap produced an island ridge in the waters, and that the heat of the 
cooling rock made it a favorite resort for animals, and rapidly dried, and therefore preserved 
their tracks in such perfection as we find nowhere else on the globe. 

There are two exceptions to the position of the footmarks as above described. One is 
on Holyoke, where a few have been found immediately below the columnar trap. The 
spot is two hundred and fifty-three feet above Connecticut River. See its position on the 
Norwottuck Section.' Now it is clear that this place must have been above the waters before 
the eruption of the trap : and since the junction of the sandstone and trap on Holyoke and 
Tom is about as high as the spot where the footmarks occur, there may have been a shore 

1 This section does not cross the place where the track occurs, which is several miles to the south-west, a little south of 
the path leading to the summit of Holyoke. But its position in relation to the trap is precisely as given on the section, and 
therefore I have introduced it. 
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of sandstone of considerable extent produced by tbe general Appalachian movement already 
referred to. If such were the case then the formation of the trap would only bring the 
ridge farther out of the water, and give a larger amount of land to form a rendezvous for 
various tribes of animals. The other case is at the south end of Mount Tom, where, at 
Bassett's Quarry, at least two species of footmarks occur, along with the elathropteris and 
other plants, immediately beneath the trap; as may be seen on the Mount Tom Section. 
This spot is a little higher than the footmark locality on Holyoke. 

4. Position of the important Fossils of the Sandstone. 
I mean the footmarks, fishes, reptiles, and all others, whose character throws any light 
upon the age or contents of the sandstone. These are all shown upon the map and 
sections ; and it appears that all of them, with the exceptions named above, occur on the 
upper side of the trap, and in the lower part of that division of the formation that consists 
of shales and fissile sandstones. That seems to have been a period peculiarly favorable, 
either to the development of life, or to the preservation of its remains : — the latter probably 
is the most plausible supposition. My own opinion is, that the thick-bedded sandstone 
below the trap was deposited in much deeper water, and therefore, we find in it scarcely 
any thing but fucoids. But near the close of the period of its formation, a tilting process 
commenced, which brought up a portion of the rock to the surface, and gave a footing for 
animals and plants, and then sprang up the gigantic elathropteris and animals ( Bronto- 
;oum giganteum, validum and SilUmanium ) began td tread the shores. Next the trap was 
erupted, which extended the area of land, and afforded a congenial resort for animals of all 
sizes, from the huge Brontozoum giganteum and Otozoum Moodii, down to almost micro- 
scopic myriapods and insects. (Plates XXIX. and XXX.) The fauna of that period, as 
shown by tracks alone, must have been unusually full, as we shall see when we come to 
describe the footmarks, embracing more than one hundred species. Then, in the upper beds, 
in Springfield and Windsor, we have the bones of two species of reptiles. The higher beds 
of this series, however, afford but few organic relics, and it may be that the disturbed state 
of the waters necessary to produce the very coarse conglomerates of Mettawampe, might 
have been inconsistent with much abundance of life, at least in the waters. 

5. Conclusions as to the Age and ICquivalency of the Connecticut River Sandstone. 

American geologists are getting to be more and more of the opinion that so different 
was the state of things on this continent from those in Europe when our fossiliferous strata 
were deposited, especially those above the coal, that a close identification with those of the 
eastern continent is impossible ; and that they will be compelled to make out an independent 
series for the western world. Yet if the whole globe has been gradually cooling down, 
and similar causes have been operating all over its surface, as most geologists believe, we 
should expect at least a general correspondence between rocks fanned at the same, period ; 
though their fossil contents might be specifically unlike. Hence we ought to do our best 
to make out equivalency, before attempting to establish an independent system. Great 
difficulties certainly attend such an effort in regard to our Connecticut River sandstone. 
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But there is progress as new discoveries come to light, and from the discussions on the 
preceding pages, I must regard the following conclusions as having a good deal of 
plausibility. 

1. There is a belt of sandstone lying in Massachusetts, immediately above the trap, 
which is the equivalent of the oolitic or jurassic series of Europe, especially the lias. 

I need not repeat the arguments in support of this position ; but almost every new 
fossil strengthens it, and it seems to me that we may regard this belt of rock as a settled 
horizon, by which we may judge of the rocks above and below. 

2. This belt of sandstone is the equivalent of the lower jurassic sandstone of Eastern 
Virginia and North Carolina, containing very valuable beds of bituminous coal. 

Professor W. B. Rogers has proved the jurassic character of the Virginia coal field, 
and shown its identity with that of North Carolina. The preceding arguments prove the 
belt of sandstone above the trap in the Connecticut Valley to be of the same, or nearly 
the same age, although the fossils in the Connecticut Valley, with the exception of the 
fishes, are so unlike in the Connecticut Valley, and at the South, that they cannot be 
directly compared. W. C. Redeield, however, thinks the fishes to be the same in Mas- 
sachusetts and Connecticut, as in Virginia and North Carolina, in which last named 
State they have been recently found by Professor E. Emmons. 

3. Hence workable beds of coal may be found in the Valley of the Connecticut. 
Thin seams of this valuable substance, it is well known, have been found there 

in years past, and borings for it have been attempted in a few places. In nearly every 
locality the coal occurs in the liassic belt of rocks above described. In Berlin, Con- 
necticut, Dr. Pehcival has described highly bituminous coal " in trap," where it comes 
in contact with shales that rest at a short distance upon a more westerly ridge of trap. 
It could not, of course, have been produced in trap, which was certainly once melted, 
though possibly it may have been sublimed by intense heat from the sandstone below, 
as I have suggested in respect to a very pure bituminous coal found in veins in West 
Springfield. (See Final Report on Geology of Massachusetts, p. 140.) In other localities 
the coal is anthracite, and occurs only in thin seams ; probably the largest quantity yet 
found was at Berlin, where Dr. Peucival speaks of masses weighing "two or three pounds." 
(American Journal of Science, Vol. 5, p. 44.) 

For several years past, however, I have had but little hope that coal in workable 
quantity could be found in this valley, because the rock was not of the right kind ; but if 
we have here a prolongation, as it were, of the Virginia jurassic sandstone, containing there 
most valuable beds of coal, the presumption certainly is that the same may occur here. 
It is by no means certain that they will, for coal is not always present where a coal 
formation is ; but the facts in the case encourage us to keep our eyes open to every 
indication of this mineral. In my Final Report I have pointed out a few spots in the 
valley wbcre the indications are most favorable, and to that work (p. 138,) I would again 
refer. 

I think this discussion will satisfy any intelligent man how important it is that 
every relic of an animal or plant found in our rocks should be carefully preserved ; for 
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it may enable the geologist to determine the true character of a formation, and thus to 
decide whether there is a probability or not that valuable minerals may be found in it. 
Oh, how trying it has been to learn how many relics of this sort have been dug out of 
the sandstone of this valley, and are entirely lost, because thought to be of no value ! 
when probably they might have decided the true character of the sandstone, and shown 
whether we may hope to find coal, gypsum, or rock salt in it. 

4. The strata of this sandstone below the jurassic belt are thick enough to embrace 
the triassic and permian groups, and perhaps even more. 

All the sections measured give a mile in thickness below the trap ; call it only half 
this thickness, and it exceeds that of the trias and permian of Europe combined. I do 
not assert that these rocks exist here, but only that there seems to be room for them, 
and future discoveries may identify them. Though no limestone occurs in these lower 
beds in Massachusetts, yet the sandstones present in some places a striking resemblance, 
in their lithological characters, to those of the trias and permian of Europe. But as yet 
scarcely any but fucoidal remains have been found in this lower sandstone, and these 
plants are too obscure in their characters to identify different and distant formations. 

5. The upper part of this sandstone formation, — the coarse conglomerates of Met- 
tawampe, — may be found to have a place in the rock series higher than the jurassic. 

No organic remains occur in this conglomerate ; but as it is made up of mica slate, 
talcous slate, argillaceous slate, and quartz rock, all, perhaps, metamorphic, and com- 
paratively recent, with only occasional nodules of gneiss and granite ; as it occupies the 
uppermost place in the series, and its strata are almost horizontal, though its stratification 
is obscure, a presumption may be awakened that it is a formation of posterior date to that 
of the subjacent sandstones and shales, whose fineness and regularity indicate a deposition 
in a period of great quiet. But the huge boulders, three and four feet in diameter, found 
in the conglomerate, seem to indicate a period of disturbance, such, perhaps, as followed 
the deposition of the oolite in Europe. The chalk, it is well known, succeeds to the 
oolite ; this conglomerate would, indeed, be a singular equivalent of chalk ; yet it is 
not destitute of calcareous matter, as the small stalactites found in its fissures and caverns 
testify. 

I throw but these suggestions as to this conglomerate, not because I have any 
settled opinion concerning its geological position, but only to awaken attention to it. I 
think we may reasonably presume it to be as new as the oolite ; perhaps it is newer. 

Just as this Report was going to press, an abstract of the Geological Report of 
North Carolina, by my friend, Professor E. Emmons, has appeared in the American Journal 
of Science, from which it appears that he has adduced strong arguments to show that the 
sandstone of that State, which I have supposed to be probably the equivalent of that in 
the Connecticut Valley, and in Virginia, belongs to the upper new red, and to the permian 
of Europe. I do not see that any of the arguments which he uses to prove this, conflict 
with those I have employed to show that there is a jurassic or liassic belt running through 
our sandstone, which evidence I must leave to stand or fall on its own merits. As to 
the rock below this belt, I have suggested that it may embrace both the trias and the 
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permian, so that my views may not, after all, conflict with those of Professor Emmons ; 
for to prove that these rocks exist in North Carolina would not disprove the existence of 
a jurassic formation above them in Massachusetts. 

FOOTMARKS. 

The preceding discussions form an almost essential preliminary to the main object 
of this Eeport ; viz. a description of the fossil footmarks so prolific and various in the 
Connecticut Valley ; for unless we can settle with some degree of probability the place 
of the sandstone on the geological scale, the history of the footmarks is comparatively 
unimportant. It is their supposed great antiquity that gives them their chief interest. 
We have formerly supposed them to occur in the trias, or new red sandstone ; but the 
reasoning above presented makes it more probable that the rock is the equivalent of the 
lower part (probably the lias) of the jurassic or oolitic series. This raises them only a 
little on the scale, but it brings the facts rather more in accordance with geological 
disclosures in other parts of the world, and strengthens our convictions of the truth of 
the great principles of paleontology. 

The grounds on which I propose to name and describe the animals that made the 
fossil footmarks, are derived from comparative anatomy and zoology. These sciences 
show a mathematically exact relation to exist, not only between different classes and 
families of animals, but between different parts of the same animals. Each class, family 
and species, are formed on a particular type or model ; and when the naturalist has 
ascertained the typical characters, he can refer an unknown specimen to its true place on 
the zoological scale ; so if he find only one pact of an animal, the foot, for instance, he 
can most frequently infer the form and general character of the other parts. It is like 
an equation in algebra ; having the known quantities on one side, we can ascertain the 
unknown upon the other side. The result may sometimes be ambiguous, as it is in 
quadratic equations ; but the relations between the different parts in animals is probably 
as certain as between quantities in mathematics. 

Now the feet of animals furnish, probably, the best means, unless it be the teeth, of 
judging of the class, family, and species to which it belongs. Who, for instance, would 
confound the human foot with that of any other animal 1 Again, compare the feet of 
mammiferous animals (quadrupeds) with those of birds ; or of birds with those of reptiles ; 
or, among the mammalia, the feet of the ruminantia with those of the carnivora or 
marsupialia ; or, among birds, the feet of the gralla; with those of the passeres or pal- 
mipedes ; or the feet of the kangaroo, or platypus, with those of the tiger or the hog ; 
or those of the Struthis rhea (South American ostrich) with those of the eagle or 
albatross. Some of the orders of birds are, in fact, distinguished by characters drawn 
from their feet ; and the same might be done, to a considerable extent, in other classes 
of animals. When we attempt in the same way to distinguish different genera and 
species, the clue will sometimes fail us, just because we cannot get a knowledge of it ; 
but this will only lead to making too few instead of too many genera and species, and 
this error is more venial with naturalists than its opposite. 
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With such facts before him, it is no wonder that we find Cuvier, the great founder of 
comparative anatomy, saying, that " any one who observes merely the print of a cloven 
hoof, may conclude that it has been left by a ruminant animal, and regard the conclusion as 
equally certain with any other in physics or morals. Consequently this single footmark 
clearly indicates to the observer the forms of the teeth, of all the leg bones, thighs, 
shoulders, and of the trunk of the body of the animal which left the mark. It is much 
surer than all the marks of Zadig " — referring to an eastern story. 

Why then, in view of such facts, should we not name and describe an imknown animal, 
though nothing but its tracks remain from which to judge of its nature 1 For in truth a 
track in relief (as all are on the under side of the sandstone layers,) scarcely differs from 
the foot petrified ; and if Cuvier's principle be true, it will generally give us a tolerably 
correct idea of the other parts of the body. Why can we not construct the whole animal 
from this petrified foot, as well as the anatomist can from a single bone belonging to some 
other part of the frame ? Yet of very many of the animals named and described by 
paleontologists, only a single bone or fragment of a bone has been discovered. I was 
surprised, therefore, to find, when a few years ago I first attempted to name and describe the 
animals that made the tracks, that some naturalists thought the evidence was quite insuffi- 
cient to justify such a course : nay, thought it useless to name the animals at all. And yet 
I had not only the authority of Cuvier above quoted, but the example of Professor Kaup 
in naming the Cheirotherium, and of Professor Richard Owen, in naming the Testudo 
Duncani. But since the time when I followed such high authorities, so many have done the 
same (ex. gr. Sir William Jakdine, in his splendid " Tchnology of Anandale," and Isaac 
Lee in his still more splendid " Fossil Footmarks of the Red Sandstone of Pottsville,") 
that I do not judge it necessary to go into a long argument, as I then did, to justify me in 
naming and attempting to restore these early inhabitants of the Connecticut Valley. 

It is important, however, that I should go into a detailed account of those parts and 
characters of the feet of animals, which being different in different families and species 
and yet constant in the same species, may be relied on for generic and specific descriptions, 
Yet I hope it will not be forgotten, that on this subject I have had to find out my way 
alone, almost unaided by previous researches. This fact ought, I think, to secure me some 
indulgence of criticism, especially when the peculiar difficulties of the subject are taken 
into the account. 

Characters that are constant and distinctive in the Feet of Animals, and in their mode of 

progression. 

1 . Number of Feet. — In almost all classes this number is definite. In the mammalia it 
is always two, or four : two in man, and perhaps also in the quadrumana, though their anterior 
extremities are more properly feet than hands. In birds it is always two ; in reptiles it is 
usually four, sometimes only two, which are merely rudimentary, as in the siren, and some- 
times none at all, as in serpents. In insects it is six ; in crustaceans six to ten, including 
the feet-jaws ; in arachnida, or spiders, eight ; in the myriapoda unlimited, but usually 
large, as in the centipede, and in the annelida none, save the spines or seta; at the joints. 
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2. Relative size and character of the Feet. — Corresponding feet arc almost always 
alike ; that is, such as arc on opposite sides of an animal, as the two feet of bipeds, and 
the two hind feet, or the two fore feet of quadrupeds. But not so when we compare one 
set of fect with another, in quadrupeds and other animals with more than two feet. The 
hind feet of quadrupeds are often larger, but rarely smaller" than the fore feet, and of 
quite dhTerent shape, as those of the kangaroo. The number of toes, also, often differs 
either apparently or really; thus the kangaroo has five toes on the fore feet, but on the 
hind feet they are in the adult state usually consolidated into three, with the exception 
of the claws. In batrachians and lizards the hind and fore feet rarely correspond, and 
are often totally unlike ; so it is with the different sets of feet on insects, arachnids, and 
crustaceans, but less so in the myriapods. 

3. Modes of progression with the different Classes of Animals. — At first thought it 
would seem to be an easy matter to determine what kind of impressions would be made 
by different sorts of animals upon mud, as they move forward, and that bipeds might 
always be distinguished from quadrupeds, and from those with more numerous feet ; but, 
in fact, this is one of the most difficult points in ichnology. The following statements 
are the results to which my own observations upon recent and fossil footmarks have 
conducted me : — 

Bipeds leave tracks nearly equi-distant, except when slackening or accelerating their 
pace ; nearly in a right line if the animal's legs are long, but deviating more or less 
from the line of direction to the right and left, according as the leg is longer or shorter, 
and the body wide or narrow. 

The more the tracks deviate from the line of direction, which I call the median line, 
and the greater the angle which the axis of the foot makes with that line outward, the 
stronger the presumption that the animal was a quadruped. 

The right and left foot can be distinguished by the following marks : — 
In the pachydactylous, or thick toed animals, by the number of phalangeal impres- 
sions, which are usually different on the different toes. 

In four-toed animals, one of whose toes points backward, by the hind toe, which is 
always on the inside of the foot. 

I used to suppose that in bipeds, more frequently than in quadrupeds, the toes turn 
inwards towards the line of direction ; but the exceptions are too numerous to allow 
of any rule to be deduced from this circumstance. 

The inner front toe in bipeds is usually shortest ; yet it is sometimes difficult to deter- 
mine which is the shortest in fossil impressions. 

But even when the above characters show a regular alternation of the right and 
left foot, we sometimes find that the animal was a quadruped, as will be shown in 
speaking of the tracks of that class. 

The simplest and plainest case of the footmarks of a quadruped, is where the animal 
leaves two rows of tracks, some distance apart ; the impressions in each row showing 
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two tracks close together, or even interfering, and then a much longer interval before 
another two are reached, as is shown on Plate VII., figs. 7 and 16. This is a common 
mode of progression with quadrupeds, and is well exhibited usually in the tracks of a 
horse; but some animals, the cat and dog for instance, frequently bring the hind foot 
so exactly into the place vacated by the fore one, that often it is necessary to examine 
quite a row of tracks before discovering the double impression. 

The character of the foot in such cases will often distinguish the tracks of a quad- 
ruped from those of a biped. If there be a solid or divided hoof, or if the foot have 
five, or even four toes, the presumption is very strong that the animal is a quadruped. 
If, however, some of the feet have only three toes, it will not do to infer that they were 
not made by a quadruped ; for some such, both living and fossil, had only three, either 
on the hind or fore feet. The kangaroo, for instance, although originally possessed of 
five toes behind and before, exhibits in an adult state only three on the hind foot, in 
consequence of a consolidation of the toes. So some living lizards (see sketch of a 
small salamander, Plate VI., fig. 9,) have only three toes on the front foot. We have 
the same facts in the foot marks. The hind foot of the Anomocpus major, for instance, 
has only three toes on the hind foot, although we are sure it was a quadruped. (Plate 
VIII.) We have reason to think, also, that some of those species making tridactyle 
impressions were quadrupeds, (ex. gr., Plate XVII., figs. 7 and 8,) and we know- that 
the Rhynchosaurus, whose bones were found in England, and described by Professor 
Owen and Mr. Ward, was a lizard with trydactyle fore feet. 

Some quadrupeds walk so nearly in a light line, that they do not make two rows 
of tracks distinctly, as the dog, the cat, and the fox. If in such a case they bring up 
the hind foot exactly into the place vacated by the fore one, it may be very difficult to 
distinguish their tracks from those pf bipeds ; moreover, some, the dog for instance, 
have a singular habit (it may result from some injury in the foot) of holding up one 
foot for a considerable distance, and advancing by a sort of hop upon three legs. Such 
a habit, of course, increases the difficulty of distinguishing the impressions. 

Some quadrupeds that make two distinct and wide apart rows of tracks, would 
not necessarily place them so as to make intervals of unequal length between them ; 
such an animal, for instance, as the banded proteus, (Menobranchus lateralis,) could not 
bring up the hind foot half way to the place left by the fore foot, and therefore the 
tracks might be arranged as in Plate VI., fig. 7. These sketches were obtained from 
observing a live specimen of the animal, as it stood at the bottom of the water, and after 
death placing it in the same position. This is one of that tribe of animals, rare at present, 
that seem to me to come nearer to some that made the fossil footmarks than any other, 
in the form and position of its feet, the number of toes, &c. ; but a tortoise might present 
an example of footmarks of analogous character. 

The greatest difficulty in deciding upon the quadrupedal character of fossil footmarks, 
results from the fact that the fore feet, in many species of the animals that made them, 
were much smaller than the hind feet, and left so slight an impression that in most 
cases it was obliterated. Hence it often requires numerous specimens to find a single 
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impression of the fore feet. In such cases the large angle made by the axis of the foot 
with the line of direction in the footmark, or the great distance to the right and left of 
the line of direction of the alternate tracks, or the outward curvature of the toes, may 
lead one to be almost certain that the animal was a quadruped, and thus lead to the 
detection, at length, of the fore foot. Several .such discoveries I have made since my last 
publication on this subject, the most remarkable of which was in the case of Otozoum Moodii. 

The character of the heel in such cases, and the position and direction of the hind 
toe, often furnish a strong presumption as to the nature of the animal ; for with few 
exceptions, bipeds (that is birds) do not leave the impression of a very long or large heel, 
and the hind toe in living birds usually forms a prolongation of the outer toe inwards. 
If, then, the hind toe proceeds at right angles to the axis of the heel, or far back upon 
it, if the heel be long or large, wc may feel a good degree of confidence that the animal 
was a quadruped, even though as yet we have found only the marks of two feet. 

Those who have not thought upon the subject may, perhaps, find it hard to believe 
that the fore and hind feet on some animals point in opposite directions, so that it might 
be difficult to determine from the track which is the hind and which the fore foot ; but 
a glance at the sketch of Salamandra Bcechyi, Plate VI., fig. 12, will show how it might 
be. In such case the hind foot is usually the largest, and the toes longest, and often, 
too, it has five toes behind, and only four on the front foot. 

There are other difficulties in distinguishing quadrupedal tracks in the rocks, 
arising from the fact that some of the toes often failed to leave an impression ; but the 
details on this point will be given when I come to speak of the number of toes charac- 
teristic of different tribes. 

As to the modes in which animals with more than four feet advance, so recently 
have their tracks been discovered in the rocks, that those of living species have scarcely 
been studied at all. If, as is very probable, the tracks discovered by Sir William Logan, 
in Canada, and described by Professor Richard Owex, be those of crustaceans, we have 
at least one interesting example of the mode in -which one tribe of this class, namely, 
those which, like the Macrura and Xiphosura, move directly forward, advanced. Three 
or four pairs of limbs seem to have been employed, each bifurcated, with a fifth smaller 
pair to make the supplementary impressions, each having " the hard, sub-obtuse, and 
sub-angular terminations of a crustaceous ambulatory limb, such as may be seen in the 
blunted legs of a large Palinurus or Bingus." The normal position of the impression in 
such a case is by twos and threes, arranged on a lino placed at an angle of about 45° with 
the line of direction, with the marks of a tail between the right and left sets ; but in other 
cases there is scarcely no order in the arrangement of the tracks. 

There is another tribe of crustaceans, called the brachyurous, which in walking 
move sideways, whose tracks must be quite peculiar and perplexing. 

So far as an inspection of six-footed insects, or eight-footed arachnidans, will enable 
us to judge, we should suppose it possible that as many rows of tracks, some of them 
parallel to the line of direction, and some of them divergent, might be made; but the 
probability would be still greater that some of the feet would make a deeper impression 
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than others, so that a loss number of rows of tracks would remain than the animal had 
legs. The wonder is, that animals so small and light should leave any impression that 
would he converted into rock ; but, that all their six or eight feet should do it, would he 
most marvellous. In the insect tracks that I have seen on the rocks, it is, perhaps, most 
common to see only three or four rows, but in several instances they are six. (See 
Plates XXIX. and XXX.) No fossil tracks of arachnidans have been found. 

The myriapods would leave but two rows of tracks, making a large angle with the 
line of direction ; the tracks, however, would be numerous. These tracks, as well as 
those of insects, would be simply right lines ; for the lateral hairs and terminal branches 
on some of them would not probably remain upon rock. The myriapod tracks I 
distinguish from those of insects simply by the former having only two rows, while the 
latter have more. It is strange to me that so many should remain with any distinctness, 
as we see on Plates XXVIII. and XXXI. ; but the specimen Plate LV., fig. 4, on clay, 
from Hadley, has still more delicate impressions, and that this was made by a myriapod 
it seems hardly possible to doubt. 

As to the annelids, we should not expect to find any thing but a single or a double 
groove, since they have no feet, unless the small setae or hairs at their joints be thus 
regarded ; but these arc not used for locomotion, I believe, unless it be under ground. 

To aid in giving an idea of the feet and mode of walking of some living animals, 
somewhat analogous to the fossil footmarks, I have given, on Plates VI. and VII., outlines 
of the feet and tracks of several species. 



Plate VI. 

Fig. 3. Foot of the Palapteryx of New Zealand. 
4 and 5. Foot of the Iguana. 

6. Foot of the coot. 

7. Tracks of the banded protons. (Meno- 

branehus lateralis.) 

8. Tracks of Fringilla, or snow bird. 

9. Lizard, with three toes on the foro foot. 

10. Sketch of PhylhiruB Ouvieri. 

1 1 . Sketch of Dactylura capensis, a frog with 

claws upon its toes. 

12. Sketch of Salamandra Bccchyi, tho hind 

toes pointing in a direction opposite to 
that of the front ones. 

13. Foot of the Ornithorhynchus. 

Plate VII. 

Fig. 5. Tracks of a mink ? 

6. 14 " muskrat. 

7. " " dog. 

8. 11 ** partridge. 

9. " " mouse. 

10. " " tortoise. 

11. " 11 goose. 



Plate VII.— (Continued.) 
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Tracks of a domestic hen. 
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Tringa. 
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of Tetrao lagopus. 
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Hypsiprimnus pencillatum. 
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Peramclcs obesula. 


25. 






Lacerta lcmniscata. 
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Lacerta agilis. 
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the stork. 
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Ardca herodias. 
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Ardea pavonina. 
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New Holland ostrich. 
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Ardca cojrulea. 


32. 






Charadius Wilsonius. 



33. Larva tracks. Larva of an insect com- 
mon on the maple tree in the autumn. 
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4. Relations between the Tracks and the form of the AnimaVs Body. — Judging from 
living animals, we may be confident that when we find tracks, either bipedal or quad- 
rupedal, uearly in a straight line, and wide apart, the animal's body was raised high, 
and was comparatively light and slender ; but the shorter the steps, and the farther they 
are to the right and left of the median line, the thicker and more clumsy we may presume 
the body to have been. Compare, for instance, the light, delicate bodies of the grallac 
with those of the goose and the duck, or of the dog and fox with the woodchuck or 
the mole. 

If the axis of the track is placed almost at right angles to the median line, and 
the rows are far apart, we may infer an animal not only with a thick body, but only 
a little raised from the ground. If a tail dragged behind, the body may have had 
considerable length ; but if there are several traces occasionally seen between the rows 
of tracks, we may presume they were made by a carapace, like that of a tortoise. If 
there are no traces of tail or carapace, and the tracks are not very distinct, but at right 
angles almost to the median line, and no rain drops are present, we may suspect the 
impressions to have been made by an animal partly buoyed up in the water, and pressing 
lightly on the bottom. (See Plate XLIX., fig. 4.) 

5. Relation between the Tracks, -and the length and position of the Legs. — It needs 
no special argument to show that long strides require long legs, and short steps short 
legs. So, too, it is equally clear that if the axis of the track makes a large angle with 
the median line, the leg must proceed from the side of the annual ; and if the metacarpal 
or metatarsal bones made an impression on the rock, it shows sprawling feet. Sometimes 
we find the same bones behind, sloping upwards, showing that the leg had that position, 
and consequently the tibia must have had a slope in the opposite direction, and the 
femur in the same direction, so as to form a very crooked leg. 

The most important application of these principles is to certain quadrupedal tracks, 
found fossil, that are so nearly in a right line as to forbid the idea that they could have 
been made by any lizard or batrachian, like those now living, and to awaken the inquiry 
whether (since their fore and hind feet arc unequal) they may not have been marsupial. 
This question I shall consider in the proper place. 

(i. Webbed Feet. — When a web made an impression deep enough to be manifest, 
it is certainly an important fact, and characterizes certain animals ; but I have been 
surprised to find how seldom distinct evidence of such an appendage appears in the 
fossil tracks. Yet, on examining the tracks of such animals as the goose and the duck, 
I find that it is only in a favorable state of the mud that any distinct trace of the web 
is left. We have at length found some fossil specimens with webbed feet, as the Otozoum 
and the Uphepus. (Plates XVII., fig. 2, and XXII.) 

I have still some doubt in respect to the former; but if there be no mistake, the 
web extended even beyond the pellets of the toes ; while in the Uphepus it probably 
reached to the extremity of the claws on the lateral toes, but not on the middle toe. 

7. Winged Toes and Claws. — Some living birds, as the Fulica (coot) and Tringa (snipe), 
have a membrane running along the toes, and scalloped, so as sometimes to conform to 
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the number of phalanges, as in the Tringa. In the Colymbus (grebe) this membrane 
extends to the tip of the toes, though not scalloped. I have supposed that we have 
analogous cases in the fossil footmarks, so far as the claws are concerned, and have made 
the fact the foundation of a generic distinction. The phalangeal impressions of this 
genus (Amblonyx) are so analogous to those whose rounded under side seems to preclude 
the idea of a winged margin, that I cannot presume upon the existence of wings on the 
phalanges ; but, so difficult is it on any other supposition to explain the form of the 
claws, that I have concluded to retain the genus, especially as I find examples of these 
winged claws on the same slab with others that are acuminate 

8. Pachydactylous and Leptodactylous Feet. — The literal meaning of pachydactylous is 
thick-toed, and of leptodactylous, narrow-toed. The tracks of the former show moulds or 
casts of toes wide in proportion to their length, with distinct claws and phalangeal 
impressions. The leptodactylous feet and tracks are narrow and rarely show plalanges or 
claws, although generally pointed. Sometimes they are very narrow. 

Since the feet of the animals that made the tracks sometimes sunk from an inch to 
three or four inches into the mud, and we find in a few cases that as the animal withdrew 
its feet the mud collapsed, so as to make the track narrower at the top than at the bottom, 
the inquiry arises whether such was not the origin of all the leptodactylous tracks. But 
this would make all the tracks pachydactylous, which would be contrary to the analogies 
of existing nature. Among living animals we find just the distinction of feet which I have 
made in the tracks, viz. : the thick-toed and the narrow-toed. Compare, for instance, the 
feet of the Struthronidae (the ostrich tribe) with the Ardea or Charadrius : or those of the 
thick-toed frogs with the iguana. Again we find the narrow and the broad fossil tracks on 
the same surface, and often it is clear that the animal did not sink at all into the mud, 
except so far as to make a simple impression. 

1 think, then, that this distinction is a natural and important one. I know that some 
tracks are intermediate as to width, and I have not, therefore, made this character the basis 
of classification, although I once did so. Hut still it is a distinction that exists in most 
cases, and is quite important in settling the character of the animals. 

9. Number of Toes. — This among living animals is a constant and important character, 
and none the less so probably among the extinct races. The following statement shows the 
number of toes in the several classes and tribes of living animals. 

The number in the mammalia varies from three to five : for oven the horse has two 
appendages beneath the skin of the foot, that makes him no exception. The tapir has 
four in front and three behind ; the rhinoceros has three ; the hippopotamus four ; the 
ruminants, ox, &c. two, and two rudimentary ; the hyena, and some carnivora, four to each 
foot ; dogs, five behind and four in front ; ateles, or spider monkeys, the same. 

There is a two-toed sloth and a three-toed sloth, as well as ant eater. 

The kangaroo has originally five toes before and behind : but the latter usually become 
consolidated into three, except that the claws often remain distinct. 

The bats, most of the quadrumana and carnivora, bears, civets, and cats, have five 
before and behind. 
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In birds we find from two (in the African ostrich) to four. When two, or 
three, they all point forward, and sometimes when there arc four, as in the Tringa, 
Colymbus, &c. ; but usually in this case one points backward, generally on a prolongation 
backward of the outer front toe ; but sometimes, as in the crow, directly behind, like a 
heel. And sometimes, as in the scansores or climbers, two arc directed forward and two 
backward. 

Crocodiles have five in front and four behind ; lizards have usually five before and 
behind, but sometimes three in front. 

Among batrachians, frogs and salamanders have four in front and five behind. The 
siren has four in front and no feet behind. The proteans have three in front and two behind. 
In the amphiuma the toes are two in some species and three in others. The menobranchus 
has four small feet. Land tortoises have four toes behind and five before ; fresh water 
tortoises five before and behind. 

The free extremities of insects are sometimes armed with two small toes or claws. 

Those of crustaceans are usually single, but they sometimes bifurcate, and some of their 
limbs have a still larger number of lamelliform appendages. 

It requires a good deal of care not to be deceived in respect to the actual number 
of toes in the fossil footmarks. In living animals, especially birds, the hind toe is 
usually articulated to the tarso-metatarsus above its extremity, so that it often does not 
reach the ground, or only its extremity does so. And in the fossil footmarks we sometimes 
find that only the extreme point made an impression ; and that, too, only upon the uppermost 
layer. While the other toes seem to have depressed the layers of mud an inch or two, 
or more, in depth in some instances, this one reaches only a slight distance downward. 
Hence we often obtain specimens, apparently very perfect, in which the hind toe is 
wanting, when in fact it was present on a higher layer. The same liability to deception 
occurs in some cases when a short toe was attached to some part of a long heel, as it is 
in some reptiles. It might be only very rarely that it made an impression, save, perhaps, 
upon the highest layer. 

The changes that take place in tracks in a vertical direction, that is, on successive 
layers of rock, is one of the most fruitful sources of error as to their true character and 
the number of toes. I have specimens which show the same track, or parts of it, to the 
depth of four or five inches ; and if such a rock be split in different places, it will often 
show considerable diversity of forms, and yet it may be that all of them shall be quite 
distinct; so that, if we have only one layer, it is very difficult often to determine whether 
it was the identical layer on which the animal trod, or one above or below it. In 
following a track downward, the hind toe, if it had one, usually first disappears ; next 
the heel, then the lateral toes, while the central one sinks the deepest. 

In the Plates annexed, I have given sseveral examples of the changes that occur in 
tracks in a vertical direction, as they are shown upon successive layers of the rock. 
Plate XIX., figs. 3, 4, and 5, exhibits a track probably of both the fore and hind 
foot of Plectropterna minitans, on three successive layers, the whole about two inches in 
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thickness. Figs. 6, 7, 8, and 9, of the same Plate, show the Triocnopus lcptodaetylus on 
successive layers, but little more than an inch in thickness. In this case the heel shows 
itself on the inferior layers, but not on the upper one ; probably because the mud collapsed 
after the foot was withdrawn. In the case of the Apatichnus circumagens, (to the 
description of which I refer,) the heel, as well as trace of a tail, show themselves on the 
upper surface, but not an inch below, although there the toes arc much more distinct. 
Plate XIX., figs. 10, 11, and 12, exhibit a track of the hind and fore foot of Plectroptema 
minitans, so united as to seem to be only one track as seen on the upper layer. 
But their appearance on different layers, makes it almost certain that they are tracks of 
the hind and fore foot. The more detailed account of these specimens will be reserved 
until I come to describe the Plectroptema minitans. 

The above statements show us the great difficulty, in some cases, of ascertaining the 
precise layer of rock on which the animal walked. Where the surface was considerably 
firm, and quite different materials were drifted iu afterwards, this question is not difficult 
to decide ; for then the impression extends very little distance up or down, and is quite 
imperfect, save on one layer, which of course will be regarded as the one originally 
trodden upon ; and fortunately such is the case with the larger proportion of tracks. 
But where the materials were very soft, it would seem as if the toes sank considerably 
into the mud, and were withdrawn without much disturbance ; though afterwards trie 
edges of the impression thus made approached each other. In no other way can we 
explain the extreme narrowness of some of the tracks found on the fine red shale of 
Wethersfield especially. There, as already remarked, the impressions sometimes extend 
through from one to four inches, and the layers are bent down so as to be almost 
perpendicular to, the surface. Some have thought that in this case we could determine 
how far the animal sank, by finding where the depressed lamina? of rock cease to be 
fractured, and come out in regular curves, when they are split asunder. As far, iudeed, 
as the foot did sink, we should not expect the rock would cleave in curved layers. But 
may not the narrow toes have bent down the layers so much, beneath where they reached, 
that they (i. e. the layers) would meet in an angle at the bottom so acute, that, when the 
rock was split open, they would break across rather than cleave asunder 1 In such a 
case we should infer by this rule that the animal sank deeper than was the fact ; and, 
indeed, I have sometimes found the print of a lateral toe, for instance, showing a perfectly 
continuous lamination across its depression, while that of the middle toe, nearly an inch 
deeper, was fractured. Although, therefore, this principle docs help us somewhat in 
determining the layer on which the animal trod, it cannot be implicitly followed. If 
possible, we should obtain dissections of the track from top to bottom ; and by combining 
the impressions on the successive layers, we shall probably get an accurate view of the 
entire foot. On one layer we may find a mere digitigrade, and on another or higher layer 
a plantigrade impression ; on one a heel, or a fourth toe, and on another, neither. I 
think it true in general, however, that the layer on which the animal trod was usually 
nearer the bottom of the impressions than the top. 
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Those who have seen the manner in which successive layers of copper, deposited in 
the process of electro-metallurgy, retain the slightest markings upon the surface, will 
readily conceive that fine mud would do the same ; less perfectly, indeed, hut still so as to 
preserve the form of a track through many successive layers. On this ground, they will 
not be surprised that several layers often present the track with so nearly equal distinctness, 
that the one originally impressed can no more be distinguished than the film of copper 
that was first deposited can be from those superimposed afterwards. 

The most perfect specimen of this kind which I have ever met, is what I call the 
Fossil Volume (No. -Y) shown on Plate LIL, fig. 6. Here we have five leaves or layers of 
micaceous sandstone, the whole five inches thick, each showing two footmarks ; and though 
so thick, the impressions are nearly alike on all the layers. This specimen was got out by 
the late Dextek Marsh, and the chance of ever obtaining another so perfect is very small. 

The oblique direction in which the impressions often pass through successive layers, 
while their distinctness is not impaired, is a matter of surprise, and not so easily explained. 
Sometimes the track seems to advance, and sometimes to recede, and sometimes to move 
laterally on the successive layers, taking the lowest one as the fixed basis. This might 
proceed in part from the oblique direction in which the foot of the animal was exerted ; as 
when running, for instance, the impression would be made so as to reach the successive 
layers farther and farther backward, because the legs incline fonvard ; or suppose the surface 
to be inclined, and the animal going directly or obliquely up or down upon it. It is clear 
that the impression, in such case, w-ould be communicated to the successive layers obliquely 
to the surface, so as to produce the phenomena which we actually observe. Again, if the 
tracks be made beneath the water, on light, loamy mud, it is easy to see that waves or 
currents might produce slight movements in the successive deposits, without destroying the 
impressions. Or if the surface were slightly inclined, gravity would produce the same 
effect on such mobile materials. Plate VI., fig. 2, shows the manner in which tracks 
sometimes pass through successive layers of the rock. This may represent the case where 
the animal descended a slope. Fig. 1 shows how the layers are bent by the three front toes. 
The lateral ones do not extend so deep as the middle toe, and such is usually the case 
In general, we find but little difference in the size of the tracks on successive layers ; 
yet, upon the whole, the tendency is to enlarge downwards. Sometimes the enlargement 
is considerable, and I have known a claw to appear on the lower layer, but rarely phalanges, 
which did not appear at the top. 

These examples, to which I might add more, show how careful we ought to be not to 
confound the impressions of the same track on different layers with different species. 
Nothing but long experience in ichnological researches will prevent such mistakes. 

The number of toes (to return to the character which we were considering) varies in. 
the tracks from two to five. Three and four are the most usual numbers. 

From the details that have been given, we see that this character, although important, 
is in some cases of difficult determination. 

9. Absolute and relative length of the Toes. — In these characters there is a good deal of 
constancy ; and hence they afford good grounds for specific and even generic distinctions. 
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There are, however, some difficulties in the determination of these points. One is, the 
uncertainty that often exists, whether the track before us exhibits the very surface on which 
the animal trod. If it be above or below that plane, the toes will always be too short, 
although their relative length (the most important character) may not be essentially altered. 
But the greatest difficulty lies in determining how far backward the toes extend ; that is, 
where the toes end and the heel begins. In the thick-toed tracks, this point can generally 
be decided with accuracy. But in the narrow-toed tracks, especially if they arc digitigrade, 
and if their divarication is small, we can get only an approximate measurement of the 
length of the toes. The rule which I have usually followed, where it could be adopted, 
has been, to measure the lengths of the toes of the leptodactylous tracks, from the point 
where the lateral front toes prolonged backward cross each other. This at least does well 
for the relative, if not for the absolute, length of the toes In the pachydactylous species 
I have measured from the end of the claw to the posterior extremity of the proximal 
phalanx. 

These characters are more important and more easily ascertained in those tracks which 
have only three toes directed forward and these nearly straight, than in those with a greater 
number directed forward, or which are much curved. In the first-named tracks, I find the 
fourth or hind toe always the shortest ; the inner toe, of the three directed forward, the 
next longest ; the outer one, still longer ; and the middle one, the longest of all. This, I 
believe, agrees with the relative length of the toes of birds. Where four toes are directed 
forward, the same order is observed. It is generally the same in the five-toed species. 
But sometimes the outer toe but one is longest, and the outer one much the shortest, as in 
many of the living Ranidre. 

10. Divarication of the lateral Toes. — In many living species, as, for example, the 
Palmipedes among birds, this is a very constant and reliable characteristic. Nor is this 
constancy confined to the web-footed animals. Where the toes are free,' they diverge at a 
pretty constant angle ; and so it seems to he with the fossil footmarks. I speak now of 
those where three toes are directed forward ; for the chief application and use of this 
character are confined to these. They do, indeed, diverge a few degrees more or less in 
different specimens ; but the variation is so limited, that a practised eye often recognizes a 
species by this mark. In the thick-toed species the angle is measured by prolonging the 
axes of the toes, that is a line drawn through the middle of the toe, backward till they 
intersect: and as they do not always meet in the same point, the sum of the divarication of 
the outer toes with the: middle too, is sometimes slightly greater than that of the lateral 
toes. In the narrow-toed species the axes of the toes form the angles, hut in this case the 
tip of the toe is always used for one extremity although the curve of the toe is sometimes 
so great that what I call its axis, is really its chord. In the thick-toed species the claw is 
neglected. 

11. Angle made hy the inner and middle Toe, and the outer and middle Toe. — These 
angles are perhaps not quite as constant as that between the lateral toes ; for in treading 
upon the mud, the strain upon the foot seems sometimes to have varied a little the position 
of the middle toe. Still, this character ought not to be neglected. In some instances, the 
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curvature of the toes is so great, that it is difficult to measure the angles described under 
this and the preceding heads. 

12. Projection of the middle Toe beyond the lateral ones. — This is not exactly equivalent 
to the difference in length between the middle and lateral toes, because the middle toe 
generally does not reach backward so far as the others. It is an important and constant 
character, and serves to distinguish several species ; as the Argozoum dispari-digitatum from 
the A. pari-digitatum. 

13. Distance between the tips of the lateral Toes. — This is determined by the angle of 
divarication and the length of the lateral toes ; but as it would need the solution of a case 
in trigonometry, it is easier to measure the distance ; for it is useful in comparing one track 
with another. 

14. Distance between the tips of the middle and the inner and outer Toes. — These elements 
are also determined by the previous ones; but it is more convenient to measure than to 
calculate them. It is obvious that they are among the permanent characters, and therefore 
useful for settling the genus and species. 

15. Position, and direction of the hind Toe. — This character applies only to those tracks 
that have three toes directed forward, and a single one behind. And it is obvious that the 
latter may have a great variety of positions and directions, and furnish, therefore, (since 
these characters are constant in the same species,) good indices of different species. In 
many species of birds, the hind toe is simply the outer toe prolonged backwards, bringing 
the fourth toe (pouce of the French) always on the inside of the foot. And this is its 
situation in the fossil tracks ; as in the Ornithopus gallinaceus and gracilior. In the 
Plectropus minitans it is short, and proceeds from a long heel, a little behind the origin of 
the toes, at right angles nearly to the heel, like the spur of the domestic cock. In the 
Triatnopus leptodactglns it is very slender, proceeding from about the same place on a long 
heel, but directed forwards, so as to make quite an acute angle with the heel. In the 
Polemarchus gigas this toe, which is quite stout, proceeds laterally from a very thick, 
rounded heel, at right angles to the axis of the foot. When this toe runs directly backward, 
it is difficult to distinguish it from a narrow heel ; as in the Corvipes lacertiloideus, 
Plate XVII., fig. 3. In this case I have indeed considered this projection as a heel. 
But the track of the snow-bird (Fringilla Hudsonia ) Plate VI., fig. 8, is almost exactly 
like Plate XVII., fig. 3, except the short outer toe ; and it is a hind toe that makes the 
posterior impression in the Fringilla. 

In dissecting some specimens of Plectropus, I have been struck with another fact. 
On the highest layer the fourth toe appears to project at right angles with the heel, and 
some distance back from the roots of the other toes. But a little farther down we find its 
extremity turned backward, and its other end forward, until at length it lies nearly on a 
line of the outer toe backward, which is a characteristic of another genus, the Ornithopus; 
and as the heel frequently disappears, the track is likely to be confounded with the 
Ornithopus gallinaceus, although generally they appear very much unlike. This singular 
change of position in the hind toe I find it very difficult to explain by any of the 
hypotheses which I have suggested above, in describing the fourth character. 
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16. Clates and Pellets. — These in living animals are merely a homy case, more or less 
enveloping the terminal phalanx ; in most cases, however, prolonged into a rounded or 
accuminate body, generally curved downward. Hence the impression made by them will 
really be in fact that of the phalanx ; nor is it possible in tbe track to say where the one 
ends and the other begins. But I reckon all the impression as made by a claw, which has 
the form of a very acute triangle proceeding from the rounded extremity of the toes. This, 
however, in a few cases, as in Amblonyx, Plate XIII., figs. 1 and 2, seems to be rounded 
almost into a semicircle ; which I have thought might indicate wings to the claw ; as in a 
few living birds : but it is perhaps quite as probable, that it is referrible to the manner in 
which the common claw impressed the mud. 

Some living animals, especially of the Batrachian family, have some of the toes 
terminated by knobs or pellets, rather than by claws. And so it was with some of the 
Lithichnozoa : as in Otozoum Moodi, Plesiornis pilulatus, and Cheirotheroides pilulatus. 

Doubtless claws existed upon all the narrow-toed species of tracks ; which generally, 
however, show none distinct from the gradual acuminatum of the toes. A few exceptions 
are the Argozoum Rcdfieldianum and Apatichnus circumagens. 

The ratio between the length of the claw and that of the foot, in some species where 
claws have been measured, is as follows : — 



Brontozoum giganteum, . . . .9.9 Brontozoum isodactylum, .... 5.7 

" Sillimanium, .... 6.75 Grallator cursorius, 8.1 

" validum, .... 5.9 Amblonyx Lyellianus, .... 6.2 

" gracillimum, .... 6.2 Argozoum Redfieldianum, .... 6.2 



These numbers do not differ from one another more, perhaps, than can be explained 
by uncertainties of measurement, which in the case of the claw must be considerable. 
Hence we may conclude that the length of the claw varies in the same proportion as that 
of the foot ; at least, as nearly so as hi living animals. 

17. Width of the Toes. — I have attempted to apply this character only to the pachy- 
dactylous tracks, as the others are so nearly alike, and so narrow, that no importance would 
attach to the measurements. The numbers given in the description of the several species 
of thick-toed animals are obtained from the same specimen, and merely indicate the greatest 
and least breadth of the phalangeal protuberances. Usually these measurements can be 
made with a good degree of accuracy, and therefore this character is one of considerable 
importance. 

The following numbers express the ratio between the average width of the toes in 
these several tracks, and the length of the foot: — 



Brontozoum gigunteum, .... 8.2 Brontozoum isodactylum, .... 5.3 

" Sillimanium, .... 10.0 Grallator cursorius, 7.5 

" validum, . . . 5.8 Amblonyx Lyellianus, .... 5.8 

" gracillimum, . . . .6.2 
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It is clear that the great differences in these ratios cannot be explained by inaccuracies 
of measurement ; and hence the thickness or breadth of the toes is a good character by 
which to distinguish species ; as, indeed, an inspection of the outlines of the pachydactylous 
tracks on Plates VIII. to XIII. will evince. 

18. Number and length of the phalangeal expansions. — The number of phalanges in the 
toes of living animals is a most important and constant character. In the vertebrate classes 
they are as follows : — 

In the mammalia (except in the Cetacea, where in one finger it rises to six and even 
eleven,) two in the thumb, or inner toe, and three in all the others. 

In four-toed birds, the phalanges, reckoning outward, are two, three, four, and five. 3 

In three-toed birds, three, four, five. 

In the two-toed ostrich, four, five. 

In crocodiles, fore feet ; two, three, four, four, three ; hind feet ; two, three, four, four. 
In lizards, fore feet ; two, three, four, five, three ; hind feet; two, three, four, five, four. 
In the chameleon, fore feet ; two, three, four, four, three ; hind feet, the same. 
In batrachians, frogs, &c, fore feet ; two, two, three, three ; hind feet ; two, two, three, 
four, three. 

In salamanders, fore feet; one, two, three, two; hind feet; one, two, three, three, two. 

In the siren, fore feet, two, two, two, two. Xo hind foot. 

In the proteus, fore feet ; two, two, two ; hind feet ; two, two. 

Marine and fresh water tortoises ; hind and fore feet, two, three, three, three, two. 
The Trionyx has four in the fourth hind foot. 

Land tortoises ; hind feet, two in each of the four toes. Fore feet, two in each of the 
five toes. 

The distinctness and uniform number of phalangeal impressions on fourteen species of 
the fossil footmarks, is striking and remarkable. If the animal's feet in a petrified state 
were fastened to the slabs, they would not be more distinct and perfect than on such speci- 
mens as Nos. Jji and So far as I have examined the feet of living animals, very few of 
them would exhibit near as much of symmetry, constancy and numerical exactness in the 
phalanges as shown externally. The protuberances on the integuments of the foot do not 
seem always to correspond to the phalanges, but to the articulations. This is always true 
as to penultimate and ungual phalanges. Indeed, I suppose that the ungual phalanx 
never makes an impression distinct from the claw and the penultimate phalanx. For often 
this terminal phalanx is little more than the nucleus of the claw, which gives it the same 
curved horn-like shape as itself assumes. 

From these statements it follows I think, that in general the number of phalangeal 
impressions in a track will be one less in each toe than the number of phalanges ; because 
the two outer ones will make but a single impression. This conclusion has an important 
application to the thick-toed fossil footmarks, which will be made in considering the 

° Professor Spencer P. Baird informs me that the old-world Swifts (Cypselua and Mclba) have but three joints to each 
anterior toe ; and that the Caprimulgina!, or Goat Suckers, have but four joints in the outer toe. 
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affinities of the second group. I am not sure that the principle is true in all classes of 
animals, but I think it always is in birds. 

It is sometimes difficult to distinguish between impressions made by the phalanges, 
and those of the metacarpal or metatarsal bones. The tracks of the anomalous Otozoum 
Moodii exhibit this difficulty more distinctly than any other, as the detailed description of 
that species will show. Plate XXII. 

The number of phalangeal impressions on the tracks is greatest in the outer toe in all 
cases yet met with ; and hence they are usually less distinct there, — so indistinct often that 
their measurement is difficult ; and, indeed, the mere length of these impressions has not 
as yet been applied as a generic or specific distinction. 

19. Character of the Heel. — The fossil footmarks show much variety in this part, and 
being a constant part, it is of much value in determining the nature of the animal. In 
very many cases the metacarpal or metatarsal bones seem to have been placed in so oblique 
a position, that neither they, nor the integuments beneath them, reached the ground ; and 
we have accordingly only the imprint of the toes, as in the genera Platypterna and Argo- 
zonm ; that is, the feet were digitigrade. 

A more common case is where the cushion beneath the metacarpal or metatarsal 
bones made an impression, but the bones themselves left no indistinct imprint. This was 
usually the case with the pachydactylous tracks. But in the Brontozoum Sillimanium and 
one or two others a distinct impression remains of the double-headed extremity of what was 
probably a tarso-mctatarsai bone ; for, besides these two rounded impressions, we have the 
four others in the outer toe which all the other tracks exhibit. Many of the leptodaetylous 
tracks exhibit an impression of the cushion beneath the bones that lie behind the toes, 
forming a heel which slopes upward and backward so gradually, that it is impossible to say 
exactly where it terminates. For the mud yielded a little beyond the margin of the track, 
and this fact, in many instances, is a great hinderance to finding out the exact size and shape 
of the foot, and moreover is the grand difficulty in giving a satisfactory representation of 
these tracks. For this reason, I have in some instances, in the accompanying sketches, left 
the posterior part of the heel without an outline. 

In other cases, the posterior margin of a rounded heel is strongly marked, not, as we 
might at first suppose, because the animal sunk deeper on account of the peculiar state of 
the mud, but because it was a heavier animal, and one that trod more upon his heel ; for 
we find the same deep impression wherever it trod. Examples of this sort are Polemarchus 
giga.s, Palatnopus Clarkii, and sometimes Tricenopus leptodactylus. 

A few species present us with a heel of a very peculiar character, of whose exact 
nature I am yet in doubt. Just behind the point where the toes originate, the surface in 
the track rises above the general level of the stone, while behind this ridge is a depression, 
in the bottom of which are minute ridges, radiating backward a considerable distance, the 
whole heel having the appearance of a brush. I formerly suggested, that this might 
have been produced by coarse hairs upon the animal's heel ; but I now give up that 
idea, and imagine it to haVe been produced by radiating rugosities on the heel, or by 
the partial adhesion of the mud to the heel, as the animal raised its foot, conjoined with 
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the subsequent action of the water ; and I have sometimes thought it possible that the 
whole might be merely slight ripple-marks. But whatever may have been the origin 
of these marks, we may be sure that a large and rather remarkable heel belonged to the 
animal. 

The long and narrow heel is a common one in these footmarks. In many instances, 
it seems to have been made by a long metatarsal or metacarpal bone, which did not lie 
horizontally upon the ground, but was inclined at various angles, according to the manner 
in which the animal pressed upon it, and moved forward. Hence the imprint would vary 
in different specimens, and its posterior termination be difficult to fix exactly. This 
character is shown in Plectropterna minitans, where it is obvious from an examination of 
the specimens, that the heel lay in a sloping position. In the Anomcepus, major and minor, 
the whole of the tarsal or carpal joint is sometimes exhibited. At other times we see a 
graceful swelling out of the heel a little in advance of the tarsal or carpal joint, as in 
Anomapus. The same is sometimes seen on Plectropterna minitans. 

The long heel of the hind foot of Corvipes may have been a toe ; indeed, it bears a 
strong resemblance to the posterior toe on the hind foot of the Phyllurus Cuvieri ( Diction- 
naire Classique d'Histoire Naturelle, Plate 120,) which are lizards. See Plate VI., fig. 10. 

In some of the quadrupeds, the heel differs in the hind and fore feet ; as, for example, 
the Macroptema, the one being long, and the other rounded. 

The difference between the heel of the fore and hind foot is likewise well exhibited in 
the Anomcepus minor, and Ancyropus heteroclitus. This character alone would form a good 
one for generic, as well as specific distinctions. 

In some cases, as in the Apatichnus circumagens, I have found a heel and a tail on 
the surface where the animal trod, but the toes indistinct ; although an inch deeper the 
latter were well developed, but neither the heel nor tail were seen. This I suppose was 
the result of the condition of the mud on which the animal trod ; it being too soft to 
retain the impression of the toes, but hard enough to show the heel and tail. In one or 
two other cases, (Trianopus leptodactylus,) the imprint of the rounded heel was not 
distinct except half an inch below the surface trod upon. 

20. Irregularities of the under side of the Foot. — The depth of the impression in tin; 
rock, made by the different parts of the foot, show which of them projected farthest down- 
ward. In this way we ascertain that usually the middle toe was rather the most prominent 
on the bottom of the foot ; at least, most of the weight of the animal pressed upon it ; for 
we find, as already stated, that as we cleave off successive layers of the rock, the middle 
toe remains longer than the others. And of the middle toe, its central parts make the 
deepest impression ; showing that that part bent downwards most. Of the toes, the fourth, 
or hind one, (where three are directed forward,) disappears first ; showing that its articula- 
tion was higher up than the others. The heel generally vanishes next ; proving that it 
was placed on a higher level than the body of the foot. 

One cannot inspect a series of specimens of footmarks without seeing at once that a 
part of the animals that impressed them were plantigrade and a part digitigrade, and some 
calcigrade. Of the first, all the pachydactylous tracks (Brontozoum and Otozoum) are 
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examples ; of the second, the genera Argozoum and Platypterna, furnish examples ; and of 
the third Polemarchus gigas is a good illustration. 

But there is an intermediate and remarkable variety, in which the heel and toes made 
a deep impression, but a space between them is left unimpressed, and not unfrequently 
rising above the original surface, either in a curve or a ridge. We have examples of this 
in Tridentipes ingens and elegans, in Platypterna varica (Plate XIV., fig. 8), and in Trianopus 
leptodactylus. In such cases it cannot be doubted that the long os calcis, or sometimes 
perhaps the carpal or tarsal bone, which formed the heel, was so articulated to the other 
bones of the foot as to constitute an arch, or even to form an angle, considerably acute, as 
in some quadrupeds ; so that when the mud was impressed by the heel and the toes, it 
would be crowded upwards between them. This would exactly explain the appearance of 
some of the tracks above referred to ; and it gives us an accurate view of the character of 
the bottom of the foot, and to some extent of its osseous structure. Sometimes the elevation 
of the rock, behind the toes, is irregular ; indicating a corresponding irregularity on the 
bottom of the foot, as in Tridentipes ingens and elegans. 

21. Versed sine of the curvature of the Toes. — Some species of the footmarks are 
remarkable for the curvature of the toes. In the tracks with three toes directed forward, 
the middle toe always curves towards the line of direction on which the animal 
was advancing, and the lateral toes usually curve outward near their tips. (See the 
figures of Tridentipes insignis, Argozoum Redfieldianum, the species of Platypterna, and of 
Ornithopus.) 

In Polemarchus gigas, the outer toe curves slightly inward like the others. In most 
of the four and fivc-toed tracks, the curvature is all one way, so as to make the curves of 
the several toes somewhat concentric; sometimes towards the line of direction, as in 
Harpedactylus and Isocampe ; at other times it is away from the line of direction, as in 
Anonuepus minor (the fore foot) and Ancyropus heteroclitus. The curvature of the hind toe 
is usually so small, that I have not attempted to measure it. 

If a straight line bo drawn from the root to the tip of the toe, and another perpen- 
dicular to it where the curve is most distant, the length of this last line, measured from the 
centre of the toe, I call the versed sine. 

I have sometimes suspected that this curvature resulted from the position of the 
animal's feet in relation to the line of direction ; so that when it made a muscular effort to 
urge forward the body, it would throw the toes into a curved position. But upon 
reflection, such a movement, it seems to me, would cause the toes to slide so much, that 
some vestige of the movement would remain, which I have never seen. I rather incline to 
the opinion, therefore, that this curvature is the natural state of the foot, and such as we 
see in many reptiles. 

22. Angle made by the axis of the Foot with the line of direction, or median line. — 
By this I mean the course taken by the animal as it walked along the surface. To 
determine this accurately, wc must have at least three tracks, and if possible four. The 
axis of the foot is a line drawn from the middle of the heel to the tip of the longest toe. 
Now in some species of animals, as they walk, these two lines nearly or quite coincide ; as 
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in the Grails among birds. But in other animals, with short legs, or those whose feet 
diverge from the axis of the body, the divarication between these lines may be quite large. 
Nay, in some reptiles, (see Plate VI., fig. 12, the Salamandra Bcechyi,) the hind foot is so 
situated, that it makes a very obtuse angle with the line of direction ; and, in fact, the hind 
and fore feet point in nearly opposite directions ; so that from the tracks alone one cannot 
determine in which direction the animal moved. It is obvious, then, that this is an 
important character, sufficient to distinguish species, and even genera. 

23. Distance, of the middle of the Heel, or posterior part of the Foot, from the line of 
direction. — I might have selected the tip of the longest toe as the point from which to 
measure, instead of the middle of the heel. But whichever extremity of the foot is used, 
the position of the other end is fixed, if we know the divarication between the axis of the 
foot and line of direction. And it is obvious that the distance to the right and left of the 
line of direction, at which we find the tracks, will depend partly and mainly upon the 
distance between the points of insertion of the legs upon the animal's body, and partly 
upon their length. Hence it must be a constant character, and cannot vary much in the 
same animal, except, perhaps, in some of the sprawling quadrupeds. I have never 
depended upon it alone to distinguish species ; but I think it might be safely done, when 
the character is well marked. 

24. Length of the step. — By observing in the description of species, the ratio between 
the length of the foot and the step, it will be seen that there is a general correspondence 
between the length of the foot and of the step. Yet the differences in the ratios make it 
equally obvious, that some of the animals were short-legged, and some long-legged. Some 
may suppose that these differences only show that the animals moved with different 
rapidity at different times. There is, indeed, a considerable diversity in the length of the 
step of the same species on different specimens ; but such cases as the Grallator cursorius, 
Typopus abnormis, Anisopus Deweyanus, and gracilis, at one extreme, and Otozoum Moodii 
at the other, make it evident that each animal had its peculiar type of progress and of 
stride. Yet there is so much difference in that stride, at different times, that I have not 
depended on that character alone to establish a species. 

In giving the length of the step in the quadrupedal tracks, I have measured from 
track to track of the same foot, where it is not otherwise mentioned. 

25. Size of the Foot. — In a few instances the species of footmarks scarcely differ except 
in size ; and the question arises, whether the smaller species should not be considered as 
the young of the other. This is possible. But then we ought to find specimens of every 
intermediate size, which has not yet been done. And besides, is it probable that very 
young animals would often frequent such thoroughfares as the localities of footmarks 
seem to have been, where so many sorts of animals resorted, and where, in the dearth of 
food that must sometimes have existed, the young ones must often have been devoured if 
present 1 Are living animals wont to bring their offspring into such places, till they have 
attained considerable size 1 

Considerations like these have led me to the conclusion, that where a good deal of 
difference in size exists in tracks, whose form differs but little, they were probably made by 
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different species. Yet it is only where the difference in size is constant, or other characters 
are unlike, that I have founded species upon the circumstance of size. Brontozoum 
giganteum and Sillimani are good examples of tracks differing not greatly except in 
size: yet no one familiar with the subject would doubt that they are different species. 

26. Caudal Appendages. — The first of these is the tail proper, which in most of the 
mammiferous animals is carried so high that it does not make a continuous trail upon the 
ground, except when the legs are quite short. In the kangaroo and some of the Rodentia, 
it forms quite a support for the body, making one of the three legs of a tripod. But such 
animals move by leaps, and, therefore, there is no continuous trail. Not so in lizards, and 
chelonians, whose tails almost always drag more or less upon the ground. When, there- 
fore, we find a trail of this sort on fossil tracks, the presumption is that the animal belonged 
to one of these classes. 

In some instances we find the trace of the tail lying in a serpentine course, as if the 
tail swept to the right and left alternately, so as to carry it outside of the tracks. This 
would be the effect of long strides, especially if the animal were a biped ; and such a trace 
may, therefore, give us some light as to both these particulars. If the animal moved 
nearly on a right line, and the tracks deviate but little from such a line, then will the tail 
trace generally pass through the tracks : or midway between them if the tracks are placed 
considerably to the right and left of the median line. If the animal changes its course, 
then will the tail be carried to the right or left of the tracks. 

The advance of the tail dragging through the mud, must cause the mud to be 
arranged somewhat in minute ridges, pointing forward, so as to meet if prolonged at a 
small angle in the middle of the trace. If this appearance be reversed, we may be sure 
that the furrow was not made by the animal whose tracks indicate movement in an 
opposite direction. 

In one species of fossil footmark we have an appendage differing from the tail of 'any 
living animal. The fossil one left several inches behind his hind feet, a somewhat heart 
shaped impression, almost circular, and strongly indented. It seems as if the blunt end 
of a stick had stuck the mud, at short distances. If the impressions were enough elongated 
we might suppose them produced by a kangaroo's tail at its successive leaps. But its form 
and some other circumstances excite doubts whether such was its origin. I will however 
go more into detail when I come to describe the Anomwpus, Plate VIII. At present I 
must regard this appendage as unlike existing nature, though it would require only some 
modification of the tail of Phyllnrus Cuvieri to make a similar impression. See Plate VI., 
fig. 10. 

27. Trail of the Feet and Carapace. — In the fossil footmarks the feet have more often 
left a trail than the tail. But generally the two can be distinguished. For the latter is 
usually more continuous and nearer the median line : the other touches the surface only 
occasionally, and is often more or less divergent from the median line. 

Such trails are much more common when the animal had short legs, or sprawling 
ones, like lizards and chelonians. Hence where this character is present, it affords a 
presumption of the nature of the animal. 
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A still more specific character is the truce of a carapace. Such trails are broader than 
those of the tail, and often several appear, and always between the rows of footmarks. 
The appearance is that of a fiat body with perhaps occasional inequality of margin, dragged 
over the surface. 

28. Width of the Trackway. — By a trackway, in ichnology, 1 mean that belt of surface 
impressed by the body and extremities of an animal as it moved along. In some cases, the 
annelids for instance, it will be simply a furrow, since the animal has no limbs. In others, 
the feet attached to long and sprawling legs, will make tracks wide asunder. Hence much 
may be learnt from the trackway, of the nature of the animal ; and a wide difference in 
this respect, would be sufficient to separate animals whose tracks were otherwise alike. If 
the trackway scarcely exceeds in width that of the single track, we may feel assured that the 
animal had long legs, and consequently the body was raised a good deal from the ground : 
but when the trackway is wide, and especially if the steps be short, we may safely infer 
a thick-bodied and more clumsy animal. 

29. Integuments of the Feet. — These differ in the various classes of animals, and may 
serve as important marks of distinction. These differences are shown very finely on mud 
and clay ; as, for instance, the delicate stria? of the human foot, contrasted with the pitted 
structure of birds, on Plate XXXII., fig. 1, from the banks of Connecticut River in 
Iladley. Nor are these delicate markings wanting in the fossil footmarks. For if a surface 
can retain the marks of the delicate and almost miscroscopic feet of insects, we should 
expect it to exhibit the forms of the striae, pits, and tubercles, of larger animals' feet, as in 
fact it sometimes does. 

30. Coprolites. — In connection with the Argozourn Kedfieldianum a few very perfect 
coprolites have been found at Chicopee Tails. Their analysis by Dr. Samuel L. Dana has 
furnished him with an ingenious argument to show the nature of the animal by which 
they were dropped. He found in them about the same amount of uric acid as in the 
droppings of those birds that have produced guano, and hence infers that similar birds 
yielded the coprolites. 

Coprolites of a similar aspect have been found by Roswell Field, Esq., at Turner's 
Falls: but they have, not been analyzed. I think, also, that they occur quite frequently on 
the banks of Connecticut River in Northampton, but more changed in their mineral 
character. 

31. Anomalies of character, as shown by the Fossil Footmarks. — After bringing into 
comparison the feet and tracks of living animals with the fossil footmarks, although we 
find numerous striking analogies, there still remain in the fossil impressions several 
peculiarities, to which living species furnish no counterpart. Or rather the fossil species 
present characters which are found in several distinct living animals. 

This is no new principle in paleontology. The names in many instances given to 
fossil animals imply their alliance to two or more families ; as the sauroid fishes, for 
instance, which are allied to saurian reptiles on one side and to fishes on the other. So the 
Ichthyosaurus was named on the same principle, as was, also, the Plesiosaurus. " In the 
first genus," says Cuvier, " we have the muzzle of the dolphin, the teeth of the crocodile, 
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the head and sternum of a lizard, the paddles (pattes) of a whale, though four in number, 
and finally the vertebra; of a fish : in the second genus, with the same extremities as the 
whale, we have the head of a lizard, and a long neck similar to the body of a serpent." 
(Ossemcns fossiles, Tome V., p. 445.) Dr. Buckland several years later presented the 
characters of the Ichthyosaurus probably with more accuracy : " Having," says he, " the 
vertebra: of a fish, as instruments of rapid progression ; and the paddles of a whale, and 
sternum of an Ornithorhynchus, as instruments of elevation and depression, the reptile 
Ichthyosaurus united in itself a combination of mechanical contrivances which are now 
distributed among three distinct classes of the animal kingdom." ( Bridgewater Treatise, 
Vol. 1, p. 185.) 

In the same geological age lived the pterodactyle, of which no less than fourteen 
species have been dug out of the rocks, and of which Cuviek says: " Of all the creatures 
of the ancient world, these are ineontestably the most extraordinary, and if we saw them 
alive would appear the strangest of living beings." (Oss. Foss., Tome V., p. 379.) 

Existing nature, however, is not destitute of examples of animals scarcely less 
heteroclitic, and combining characters of different classes. "In this anomalous animal, 
the ornithorhynchus or platypus," says Dr. Buckland, " we have a quadruped clothed 
with fur, having a bill like a duck, with four webbed feet, suckling its young, and most 
probably ovoviviparous ; the male is furnished with spurs." 

Cuvier has indicated the rule by which we should be guided in assigning such 
peculiar organisms their true place, when he says, in reference to the ichthyosaurus and 
plesiosaurus : " In spite of the anomalies of their structure, these two animals approach 
nearer to the lizards than to any other genus." That is, we must judge of the animals 
true place by the predominance of characters. (Oss. Foss., Tome V., p. 445.) 

It is an interesting fact that the most remarkable of these peculiar animals occur 
in the oolitic series ; the same as we now suppose to embrace our fossil footmarks. It 
would be strange, therefore, if none of these track-discovered animals showed anomalies 
and characters not now found in any one class of animals ; they do furnish not a few most 
remarkable examples. I have been struck with the fact, when trying to refer the 
footmarks to the true class of living animals, that I seemed to approach the nearest to 
true analogues, when I examined the feet of animals near the limits of different classes, 
especially batrachians and lizards. Still, with some strong resemblances, the living 
species almost always seem to have characters less full and decided than the footmarks 
indicate. It seems as if the living ones were diminutive and depauperate representatives 
of races whose period of full development had long since passed away. 

I shall not here go into a detailed description of the cases of anomalous footmarks 
that have fallen under my notice, but will merely refer to a few of the most striking. 

When we look at the tracks of the Anomatpus major (Plate VIII.,) it seems 
as if we almost saw a huge frog sitting upon his haunches ready for a leap ; but his fore 
feet have five toes, corresponding well with those of the kangaroo. Yet the hind feet 
have only three toes, and the distinctness of the phalanges makes it a perfect bird's foot, 
with a long heel ; but the shape of the caudal appendage is different from a tail. 
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In the Gigantitherium cattdatum and minus, (Plate XVI., fig. 1, and Plate XVII., 
fig. 1,) the animals seem to have been bipeds, yet they had tails, and birds' feet; the first 
and last characters allying them to birds, but the second to lizards. 

Conclusions. 

These thirty characteristics, based iipon the principles of comparative anatomy and 
zoology, will afford us, it seems to me, reliable grounds from which to judge of the nature 
of an animal from its track. Some of the characters are, of course, far less decisive than 
others, and few of them singly would remove all doubt ; but, if several of them conspire, 
they constitute strong evidence, — as strong as that by which the place of not a few fossil 
species are determined. If we should apply these characters to living animals, that is, 
attempt to determine their place on the zoological scale from their tracks, I think we 
might decide with a good degree of confidence upon the following points : — 

1. Whether the animal is vertebral or invertebral. 

2. Whether a biped, quadruped, or multiped. 

3. To which of the four great classes of vertebrates, or the nine classes of invertebrates, 
(Micographic Dictionary, Art. Animals,) it belongs. 

4. To what order. This is more difficult, and we should often fail. 

5. To what genus. This is sometimes more difficult ; for the feet of many genera 
are too much alike to be distinguished by their tracks. This difficulty, however, would 
tend to the formation of too few rather than too many genera. 

6. To what species. And since a specific description embraces the whole animal, 
perhaps we should reach the truth more often as to species than genera or classes. 

Adopting these principles as my guide, I have arranged the animals that made the 
fossil footmarks of the Connecticut Valley into the following groups, genera, and species. 
In making out the groups, I have brought those together whose tracks exhibit certain 
predominant analogous characters; but in several cases I have made these groups 
intermediate between existing classes. In all cases I have subdivided the groups into 
genera, and these into species ; I can say only that this is the best result I can reach after 
twenty-three years study of these footmarks. But my own progress, as I look back upon 
my experience, admonishes me that more satisfactory conclusions will doubtless reward 
future ichnologists. I feci as if I had only commenced the work. Would that those who 
come after me could know how great have been the difficulties I have encountered, and 
how hard it has been to grope my way without guides through the thick darkness that 
has rested on this subject. 

I cannot, without a clumsy circumlocution, suggest a known term which will embrace 
the animals whose characters I propose to describe from their tracks. In such a case, I 
hclieve it is lawful to resort to the Greek language, to furnish the desired word. I 
propose that of Lithichnozoa, from U6og, a stone, izvog, a track, and lioov, an animal ; 
the stony track animals, or animals made known by their tracks in stone. 
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CLASSIFICATION OF THE LITHICHNO 7.0 A . 

KINGDOM ANIMALIA. 
I. SUB-KINGDOM VERTEBRATA, 
GROUP I . — M A RSU P IALOID ANIMALS. 

I. CUNOID MABSUTIALOIDS. 

GiSNUS I. — Cuuichnoides, (xtfwf I'/vo; and eldog.) m. lobicoic mabsufijllsids. 

1. marsupialoids. Genus hi. — Anisopus, (fotvo; and novg.) 

ii. ornithoid marsupialoids. 1. Deweyanus. 

Genus ii. — AnomoBpus, [&f6fuuas and rrou;.) 2. gracilis. 

1. major. 

2. minor. 

GROUP II, — P ACHYDACTYLOUS OR THICK-TOED BIRDS. 

Genus i. — Brontozoum, {8g6vir t s and l,&op.) Genus ii. — Amblonyx, (ufifiHs and oVul.) 

1. giganteura. 1. giganteus. 

2. minusculum. 2. Lyellianua. 

3. tuberatum. Genus in. — Grallator, ( Grallator.) 

4. exsertum. 1. cursorius. 

5. validum. 2. tennis. 

6. Sillimanium. 3. gracilliraus. 

7. isodactylum. 4. cuneatus. 
, 5. formosus. 

GROUP III.— LEPTODACTYLOUS OR NARROW-TOED BIRDS. 

I. TRIDACTYLOUS. II. TETRADACTYLOUS. 

Genus i. — Argozoum, { u ^gpis and £tJov.) Genus hi. — Ornithopus, (not'; and ogvt;.) 

1. Redfieldianum. 1. gallinacens. 

2. dispari-digitatura. 2. gracillior. 

3. pari-digitatura. Genus EV. — Tridentipes, (Tridens and Pes. ) 
Genus ii. — Platyptema, (-nluTvg and mtQva,) 1. ingens. 

1. Deaniana. 2. elcgans. 

2. tenuis. 3. elegantior. 

3. dclicatula. 4. insignia. 

4. recta. 5. uncus. 
6. varica. 

6. digitigrada. 

7. pracillima. 

GROUP IV. — ORNITHOID LIZARDS OR BATRACHIANS. 

Gknus I. — Gigantitherium, (ytyug and Oij^lov.^ Genus v. — Apatichnus, (dcmnim and i'/^of.) 

1. cuudatum. 1. c'lrcumagcns. 

2. minus. 2. bellus. 

Genus ii. — Hyphepus, (Vcpj and noiif.) Genus vi. — Plesiornis, (fflfofej and 

1. Fieldi. 1. quadrupes. 

Genus hi. — Corvipcs, (Corvtts and Pes.) 2. pilulatus. 

1. laccrtoideus. 3. a:quaHpes. 

Genus iv. — Tarsodactylus, (nrprif and dumvlo;.) incebt*: sedis. 

1. caudatus. Genus yii. — Typopus, {ivno- and novc.) 

1. abnormis. 

2. jn-acilis. 
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GROUP V. — LIZARDS. 



Genus i, — Pole march us, (jro^uapjfo;.) 
1. gigas. 

Genus II. — Plectropterna, (nX^XTQQV and miyva,) 

1. minitans. 

2. gracilis. 

3. angusta. 

4. linearis. 

Genus hi.— Trijcnopus, (rgtrnfa and no6g.) 

1. Leptodactylus. 
Genus it. — Harpedactylus, (^ttj; and daxivXog,) 

1, Gracilis. 
Genus v. — Xiphopeza, (Sltpog and ni^a.) 

1. Triplex. 



Genus vi. — Orthodactylus, (o(>66g and (JtixTi'iof.) 

1. floriferus. 

2. intro-vcrgena. 

3. linearis. 

Genus vii. — Antipus, {foil and ^o6j.) 

1. flexiloquns. 

2. bifidus. 

Genus virr. — Steno dactyl us, (aiev6g and d&xivXoc.') 
1. curvatns. 

Genus ix. — Arachnichnus, ((igtl/vi;? and tx yo s*) 

1. dehiscens. 
Genus x. — Chimera, (Xlpaiga.) 

1. Barrati. 
Genus xi. — Isocampe, (too; and xa/xTnj.) 

1. strata. 



GROUP VI. — B AT R A CHI AN S . 



Genus i. — Batraclioides, {§<xtQitxog and sldog.) 

1. nidificans. 

2. antiquior. 

Genus it. — Otozoum, C'Jlrog and £woj\) 
1. Moodii. 

Genus hi. — Palamopus, (naXdfu] and noig.) 
1. Clarki. 

Genus iy. — Macropterna, {(xaxqog and 7ri£^»'«.) 

1. vulgaris. 

2. divaricans. 

3. gracilipes. 



Genus vt. — S 

1. palmipes. 

Genus tii. — Lagunculapcs, (Laguncula and Pes.) 
1. latens. 

Genus viii. — Selenichnus, (o£Xi\vr] and f^os.) 

1. falcatus. 

2. breviusculus. 
incebt^: sedis. 

Genus ix. — Hoplichnus, {ynXr { and i^o?.) 

1. equus. 

2. poledrus. 



Genus v. — Cheirotlieroides, (*aff, diiolov and slSog.) Genus x. — Saltator, (Sahator.) 

1. pilulatus. 1. bipedatus. 

2. caudatus. 



GROUP VII. — CHELONTANS. 



Genus i. — Ancyropua, (#vxuyu and noig.) 

1. heteroclitua. 
Genus ii. — Chelonoides, (#t*iii'i/ and tldog.) 

1. incedcns. 
Genus hi. — Helcura, (£Axtu and o$Q<i.) 

1. caudatu. 

2. surgens. 

3. anguxnea. 



Genus iv. — Exocampe, and ttpmf») 

1. arcta. 

2, ornata. 

Genus v. — Amblypus, (uftSUg and noig.) 
1. dextratus. 



GROUP VIII. — FISHES. 



Genus i. — Ptilichmis, {miXov and !>»*oc.) 

1. anomalus. 

2. typographus. 



3. pectinatus. 

4. hydrodromus. 
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INVERTEBRATE LITHICHNOZO A. 





II. SUB-KINGDOM 


IN VERTEBRAT A. 




GROUP IX. — CRUSTACEANS, 


MYRIAPODS AND INSECTS. 


Genus i.— 


-Harpagopus, (ttynuyt} and nod;.') 


Genus vi. — Bifurculapcs, ( Bis, Furcula, and P< 




1 • Hudsomus. 


1 . laqueatus. 




2. dubius. 


2. tuberculatus. 


Genus u.— 


-Stratipes, (Sterno and Pes.) 


3. scolopendroideus. 




1 . latus. 


4. elachistotatus. 


Genus hi.— 


— Hamipcs, (Hawius and Pes.) 


Genus vii. — Grammepus, {)'Q a f*f*\ and jtou;.) 




la didactylus. 


1 . erismatus. 


Genus iv.— 


— Acanthichnus, (&xatv0a and I'/io?.} 


2. uniordinatus. 




1. cuisorius. 


Genus viii. — Lithographus, (l(0o; and yfAtpu.) 




2. saltatorius. 


1. hieroglyphicus. 




3. tardigradus. 


2. cruscularis. 


Genus V.- 


-Conopsoides, {xihvwifi and bWq$J) 


Genus ix. — Hexapodichnus, (e'S, not; and t/to; 




X. larvalis. 


X. magnus. 






2. horrens. 






Genus x. — Copeza, (xw.-n; and ntte.) 






X. triremis. 




GROUP X.— 


ANNELID ANS. 


Genus i.- 


— Unisulcus, (Unus and Sulcus.) 


Genus it. — Halysichnus, (Aunc and 




1. Marshii. 


1. laqueatus. 




2. intermedius. 


2. tardigradus. 




3. minutus. 


Genus v. — cunicularius, ( CucuJarius.) 


Genus n.- 


— Cochlichnus, (*^2o$ and i^oc.) 


L rctrahens. 




1. anguineus. 


Genus vi. — Sphoerapus, (ayaToa and bo<c.) 


Genus hi. 


— Cochlea, (xo^Uag.) 


1. larvalis. 




1, Archimedea. 


2. magnus. 



Detailed Descriptions. 

Guided by tlie principles that have been laid down, I shall now attempt a scientific 
description of the groups, genera, and species in the preceding table. These descriptions 
must be drawn almost entirely from the tracks, and, therefore, in some cases are quite 
unsatisfactory. But future discoveries may clear up many of the difficulties. 

The generic and specific names are usually derived from some obvious character of 
the track ; so that if it should hereafter be found that I have referred the animal to the 
wrong family, its name will still be good, and convey no error. 

It may be thought that I have made the number of species too large ; it has seemed 
large to myself; but my conviction is that it is below the real number. "When in 1848 I 
described fifty species, I thought it possible that I had in some instances mistaken varieties 
for species; but a careful re-examination of the whole subject has not discovered more 
than two or three errors of this sort, and most of the new species that have been since 
discovered, arc very well marked. My descriptions, however, on the subsequent pages, 
will enable the comparative anatomist and zoologist to judge of the reliableness of my 
species. That 1 should in no case have mistaken different aspects of the same tracks on 
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different specimens, and made two species out of it, will hardly be thought probable, 
since in every department of paleontology, and even in zoology, where the entire animal 
is before the describer, mistakes of this sort are not unfrequently made. How much 
more liable to such errors must he be, who must found his distinctions upon tracks alone, 
and cannot in some cases be sure that he has the entire footmark before him ! 

But there are some considerations that lead us to expect to find that a large number 
of animals may have left their tracks upon the sandstone of the Connecticut Valley. 

1. The Oolitic period, including the Lias, appears to have been unusually prolific of 
animal life, as the records of paleontology testify. 

2. This valley must have been, as to climate and the relations of land and water, 
eminently adapted to attract and sustain a great variety of animals, especially such as live 
along the shores of estuaries and lakes. If I have rightly apprehended its condition, the 
climate must have been tropical, and the shores made still warmer, perhaps, by the trap 
rock beneath, yet retaining some of its original heat. It seems to have been an estuary, 
extending more than a hundred miles inward from the ocean, and traversed by several 
ridges in the form of islands, which divided it into several lakes. We can hardly conceive 
of a more agreeable spot for the habitat of animals, from the most gigantic to the most 
minute. 

3. The large number of localities from which tracks have already been obtained, 
and their wide separation, would lead us to expect to find these relics of most of the 
animals that lived in the valley during the oolitic period. 

The following are the localities of footmarks, as given upon the accompanying 
geological Map : — 

Commencing at the most northerly point on the Connecticut, we find a locality on 
its north bank nearly opposite the mouth of Miller's River. 
Another at the Horse Race. 

Another on the opposite bank of the river at the same place. 
Another near the Lily Pond. 
Another in Roswell Field's orchard. 

Another at the ferry above Turner's Falls, on the north bank. 
Another on the same bank, a little below the Falls. 

Another at the mouth of Fall River, close to the trap of Rocky Mountain. 

Another at the locks of the canal at Turner's Falls, on the south shore. 

Another one and a half miles south of this spot, just east of the canal, on the old 
road from Montague City to Grout's Corner. 

. Another between the bridges over Connecticut and Deerfield Rivers, in the north-east 
part of Deerfield. 

Another in the south-west part of Montague, half a mile from the river at Marsh's 
Quarry. 

In the road near Pliny Moody's, in South Hadley. Three others west of his house, 
within a half mile on a small stream ; a fourth on the north side of the same stream, fifty 
rods north-cast from his house ; a fifth on the same stream, still farther east, just within 
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the limits of Granby; and a sixth on a hill a mile and a half north of the centre of 
(South Hadley. 

Another a few rods north-east of Mount Holyoke Seminary, in the same town, near 
a mill, and another half a mile south on the same stream. 

Another at Smith's Ferry, on the east bank of the river, north of the road. 

Another on the west face of Mount Holyoke, beneath the trap, a few rods north of 
Titan's Piazza, in Hadley. (Hoccanum.) 

Another between the ridges of trap near Ashael Lyman's, in Northampton. 

Another two miles south of Smith's Ferry, on the west bank of the Connecticut, 
close to the railroad in Northampton. 

Another half a mile south-west of this spot, near the south end of Mount Tom. 

Another at Bassett's Quarry, in Easthampton, south of Mount Tom. 

Another on the east bank of the river, opposite the locality which is two miles south 
of Smith's Ferry. 

Another along the canal, and in a quarry near the village of South Hadley Falls. 
Another at Chicopee, in the quarries in the east part of the village. 
Another in the bottom and north bank of Chicopee River, at Chicopee Falls. 
Another one mile south of Chicopee, (Cabotville,) in a quarry on the east side of the 
road to Springfield. 

Another in a quarry near Enfield Bridge, on the west bank of the river in Suffield. 
Another at Rocky Hill, in Hartford. 
Another at the Cove, in Wethersfield. 
Another two miles south of this spot. 
Another at the quarries in Portland. 

Another in Middletown, at an old quarry two miles west of the city. 
Another at what is called Middlefield, in the south-west part of Middletown. 
Another at the ichthyolite locality, in Durham. 

The most remote of these thirty-eight localities arc distent from each other about 
ninety miles ; which embraces, in fiict, the whole length of the sandstone formation on 
the river. Below Durham it trends westerly, and extends several miles farther to New 
Haven ; but no footmarks have been found below Durham. 

In width the strata embracing the tracks do not extend more than two or three 
miles, as may be seen upon the Map ; but the strip probably embraces most of the valley 
in which animals lived, and in these thirty-eight quarries we might expect to meet with 
a large part of the species that were common. 

4. The thickness of the strata on which the footmarks occur strengthens this 
conclusion. At Turner's Falls they occur in the lowest, and nearly in the highest layers 
above the trap ; that is, on strata nearly four thousand feet in thickness, taking the 
measurements already given as a guide. If we reduce the thickness one-half, we still 
have nearly a half mile left ; and although the animals appear not to have essentially 
changed during the thousands of years necessary to deposit so much rock, we do stand a 
good chance of finding most of the species then living, by opening several quarries along 
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the section, as has been done. I know of no other place where the tracks are found 
through such a thickness of rock ; but at the east foot of Mount Tom layers several rods 
thick show them, and they are found on the opposite bank of the river ; and how much 
farther to the east I cannot say. 

5. The belt of rocks on which we find footmarks is usually only a few feet wide, 
and its longest direction usually corresponds to what must have been a shore at the time 
they were impressed, and that appears to have been the common pathway of all the 
animals that would frequent the shores of an estuary or lake. We might expect, therefore, 
to find in so many quarries representatives of most of the Fauna of sandstone days. But 
one hundred and nineteen species forms only a small part of the present Fauna of this 
valley. 

The drawings appended to this Keport are indispensable to convey an accurate idea 
of the footmarks. I have adopted several methods of obtaining the sketches, which I 
will describe. 

For obtaining outline sketches I have sometimes laid over the specimens plates of 
smoked glass, or pieces of tracing paper or cloth, and traced the outline of the tracks 
upon it, and then transferred it to paper. In the quite small tracks, however, I have 
sometimes touched them (when in relief,) with some coloring matter, — say a red pencil, — 
and then pressed upon the slabs a piece of rather thin paper, which would retain the 
exact form and position of the tracks. 

In most cases where the slabs containing the larger tracks could be placed upon 
their edges, I have secured ambrotype sketches of them, which have served as models 
for the lithographer. In not a few cases I have covered the larger slabs with tracing 
cloth, and marked the outline of all the tracks upon it ; so that the ambrotype and the 
outline sketch might both be pretty sure to give the lithographer a correct idea of 
the specimen. 

Where the slabs are so large and heavy, or so much cracked that they could not 
be placed upon the edge, I have resorted to the method of drawing squares upon the 
specimen, and transferring the tracks to corresponding squares upon paper, by the eye. 
In such cases I have represented each track as complete, although many arc defective in 
some part ; but in such cases I take special care to know what the species are which I 
thus restore. 

I have made it a point of particular attention to give a representation of each species, 
with a few exceptions ; either a simple outline, or an ambrotype sketch, of the natural 
size. I do not believe that otherwise an accurate idea could be given ; for though the 
length and breadth of a diminished drawing could be stated, figures make but a slight 
impression upon the mind compared with a sketch. To show the tracks as they occur on 
the different slabs, ambrotype sketches are probably best, except when they are very 
small, as the tracks of myriapods and insects, when by the method already described a 
far better idea of them can be obtained if we leave the slab nearly or quite unshaded. 

In 1848 I expressed the opinion that "for the discrimination of species, outline 
sketches are better than full-shaded drawings of individual specimens, because they 
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present more distinctly the essential characters." And notwithstanding the splendid 
full-shaded and even-colored drawings of Sir William Jardine, in his " Ichnology of 
Anandale," and of Isaac Lee, Esq., in his " Fossil Footmarks of Pottsville," I still 
remain of the same opinion. What we want is the exact shape and size of the foot ; and 
if the geologist cannot tell what that is, by having several specimens before him for 
comparison, much less can the reader do it from the most finished sketch of one of them. 
Such drawings show the skill of the artist, but the best of them that I have seen do not 
give as clear an idea of the track as a mere outline, and are, besides, very expensive. If 
the geologist mistake the character of the track in any respect, he can be corrected if he 
refers to the specimens in a cabinet, as he ought to do, from which his sketch was derived. 
I defy the most acute naturalist to discriminate species from the most finished drawings 
I have seen ; but he could do it from outlines, though still better from specimens. 0 

It will be seen, then, that the engravings attached to this lteport are of four kinds : 
1. Outline sketches of nearly every species of tracks of the natural size. These give the 
idea, in my own mind, of the tracks, after examining all the specimens within reach, most 
of which are in the Ichnological Cabinet. They are, in fact, restored tracks. 2. Outlines 
of slabs, with all the tracks upon them, generally reduced, but restored; omitting 
deficiencies which any of them may exhibit. 3. Outline rows of particular species of 
tracks, taken out from others, and shown alone, but exhibiting all the imperfections of 
the originals. The object is to show how the animals placed their feet in walking. 
4. Ambrotype sketches of the principal slabs in the Cabinet. These give the tracks, 
with whatever imperfections they have, just as they appear upon the specimens, and 
occupying their true relative position. But the lithographer, at my request, has omitted 
all other irregularities upon the slab, in order to give the tracks more distinctness. This 
division of the sketches exhibits quite a large number of what I call stony volumes ; that 
is, specimens showing the same track on from two to five leaves. 5. The fifth division 
shows a few examples of single tracks from ambrotype sketches ; they are intended to be 
exact copies of the originals, but a good deal reduced ; the true size being marked upon 
the border. These, perhaps, are the least instructive of all the varieties of the drawings, 
and therefore I have given but a few. 

By these various methods I hope I have conveyed to readers a clear idea of the 
different kinds of tracks, and their degree of perfection, as well as relative position ; and 
that, too, without a quarter part of the expense that must have been incurred to give all 
the inequalities of the stones in the highest style of art ; although the number of Plates 
has necessarily been large. 

I ought to add, that the ambrotype sketches of slats as well as of single tracks, and 
the outline rows of tracks, are not reduced to any one fixed standard as to size ; for I 
found that unless I made the large tracks and slabs of unwieldy dimensions, the smallest, 
exhibited in proper proportion, would be of almost microscopic littleness. I thought it 
a less evil to let the engraver make the drawings of any convenient size that would 
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exhibit all the tracks, taking care only that all the tracks on each specimen should be 
shown of a true proportional size in relation to one another, but not in relation to other 
specimens. Hence the same tracks on different specimens maybe of different sizes ; but 
as the true size of each slab is given on its margin, should any one; desire it, he can 
reduce the whole to the same scale. 1 " 

In the following descriptions I shall first present the characters of the Group, and 
then of all the genera and species in the group. Then, where I can, I shall state the 
affinities of the Group to existing classes and orders of animals. 

The Appleton Ichnological Cabinet. 
Specimens of the tracks of all the fossil animals described in this Report, and also of 
several living animals on clay, will be found in the Appleton Ichnological Cabinet, and will 
be referred to under the several species. As numbers arc painted or engraved upon the 
specimens, instead of being placed upon tickets, they will furnish a means of reference as 
permanent as the Cabinet itself. 

I have already given some account of this Cabinet in the commencement of my Report ; 
but a few other circumstances will not be out of place. 

An end or front view of this building is given on Plate IV., fig. 1, as taken by 
ambrotype. Fig. 2 will give a good idea of its appearance inside, as seen by one looking in 
through the front door. The long room is lighted only from one side, (the south side,) 
while on the opposite side is a gallery, leading at the farther extremity into a lecture room, 
and having several doors on the left side opening into rooms for duplicate specimens. On 
the left hand side of this gallery, also, the wall is covered by glazed cases for the smaller 
and more delicate specimens. Suspended from the ceiling, tow : ards one of the windows, 
(see drawing,) hangs a specimen of the foot and leg of the great Palaptcryx ingens, dug 
out of the soil in New Zealand, and large enough to have made nearly the largest of the 
fossil tracks on the tables beneath. Still farther to the left, is suspended a cast of the egg 
of the iEpiornis maximus, dug from the soil in Madagascar, and the original of which is 
in the Garden of Plants in Paris. T his egg is thirteen and one-half inches long and thirty- 
three and one-half inches in circumference ; equal to one hundred and forty-eight hen's 
eggs and fifty thousand humming-bird's eggs! 

It has been found that in order to have the footmarks show themselves most advan- 
tageously, the light must be made to fall on them obliquely. Hence where it could be 
done, the large tables occupying the area of the cabinet, are made to slope from the bottom 
of the windows towards the gallery ; so that specimens placed upon them might be seen in 
the best light by persons walking through the gallery. The best mode of all, is to place 
the specimens on their edges on tables running across the hall, as has been done with many 
of the best and largest ; some of them being from eight to ten feet square, and weighing 
nearly a ton. Such an arrangement has the advantage, also, of exhibiting both sides of 
the specimens, which often have tracks depressed on one side and in relief on the other. 

10 Of the ambrotypes which I had taken, one hundred and thirty were executed by E. W. Cowlcs, and thirty by Mr. 
Gilbert Four very fine ones, (Plate V., figs. 1 and L>, XXIX., fig. 5, and LX., fig. 1,) in addition, were taken by J. L. 
Lovell. 
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Somo might suppose that the tracks would show much hettcr if the gallery were to 
run along on the opposite side of the room, immediately beneath the windows. But 
experiment showed, that with perhaps now and then an exception, the exhibition would be 
much less distinct and satisfactory. 

In arranging the specimens upon the tables and in the cases, I was led to count the 
number of individual tracks in the whole Cabinet, and found them to be not less than eight 
thousand. This would give an average of sixty-eight tracks for each species. But in fact 
the specimens of some species are five, or even ten times more numerous than of others. 

I, I T H I C H N 0 Z 0 A . 
KINGDOM ANIMALIA. 

SUB-KINGDOM, VERTEBRATA. 
Remark. — The names prefixed to the twelve Groups that follow, will sufficiently 
indicate their characters without a formal statement. 

GROUP I.— MARSUPIALOID ANIMALS. 
Remarks. — I commence a detailed description of the fossil footmarks with the latest 
discovered species, specimens of which were not obtained till my Report was just ready to 
be put into the printer's hands. But the first inspection of these specimens satisfied me 
that the tracks differed not a little from all others which I had found. Indeed, they look 
very much like the tracks of a large dog, and I have made this fact the foundation of the 
generic name, yet I can discover no claws upon the rounded toes, nor have I found more 
than four toes with a central impression, which seems to be the ball of the foot, and which 
is almost always seen upon a dog's track. At first it seemed that I could hardly avoid 
placing this species in some tribe of Mammalia higher in organization than the Marsupial. 
But I think that one of the feet, — the fore one probably, — was smaller than the other, and 
it is safer therefore to regard it as a Marsupial, since we know such animals to have been 
quite abundant in the Jurassic period, as the recent discoveries of Mr. Hkcki.es in England 
prove. He has disinterred not less than fourteen species of mammals from the upper oolitic 
strata. Most of these arc Marsupials : yet some of them are Carnivora, of the family 
Insectivora. There would be, therefore, no presumption against the opinion that some of 
the Lithichnozoa stood as high on the zoological scale. 

1 make three divisions of the first Group: 1. Cunoid Marsupialoids ; embracing only 
one genus and one species. 2. Ornithoid Marsupialoids ; one genus and two species 
3. Loricoid Marsupialoids ; one genus and two species. 

]. — CUNOID MARSUPIALOIDS. 
Genus I. — CUNICHNOIDES, i*i»>, a dog, few;, a track, and eBoc, appearance ; a track resembling a dog's.) 

Quadrupedal : fore feet rather the smallest. Ball of the foot making a distinct 
impression on the mud, with at least four circular impressions arranged nearly on a semi- 
circle in front of that made by the ball. 
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Species 1. Cunichnoides marsufialoideus. (Nov. Sp.) 

[In the Cabinet, 

Hind Foot. — Impressions made by the ball of the foot, circular, as well as by the 
toes: all of them about O.G inch in diameter. Claws (if any) not long enough to make a 
separate mark. Diameter of the whole foot, 1.5 inch, by 2.3 inches. Length of the step 
from track to track of the same foot, 16 to 18 inches (?). Distance of the two lines of 
tracks from each other, about 5 inches. Number of toes, 4. Width of the trackway, 11 
inches. 

Fore Foot. — Very closely resembling the hind foot, except that it is some smaller : the 
circular impressions of the toes rarely exceeding 0.5 inch. The tracks of the hind and fore 
feet almost always interfere, so that rarely more than eight distinct impressions remain. 
Most of these are quite deep, and appear as if so many round sticks had been thrust into 
the mud. 

An outline of two of these tracks, which I suppose to be hind and fore feet, is given 
on Plate IX., fig. 5. These are copied from No. i* in the cabinet, which was presented to 
it by the Shaler and Hall Quarry Company, at Portland, Connecticut. 

Plate LX., fig. 2, gives the outline of the most important part of a large and heavy 
slab of these tracks belonging to the Middlesex Quarry Company, at Portland. It shows 
probably more than the tracks of one animal, and illustrates the manner in which the tracks 
of the hind and fore feet are intermixed. 

Figs. 3 and 4 of Plate LX. exhibit a reduced outline of two specimens, (the first of 
which, No. .o.,) is in the Ichnological Cabinet, which have excited considerable interest 
from their resemblance in form, and of the first in size, to the human foot. I have not 
seen these impressions in succession, and do not feel prepared to express an opinion as to 
the nature of the animal that made them ; except that it was not man. But I think I can 
sec the trail of a toe in front of the impression, and do not doubt that some huge animal 
made them. There are some strange markings at the Portland quarries that need examina- 
tion. My fear is, that the specimens will be so scattered that it will be difficult for any one 
to make the comparisons requisite to settle their nature. They ought to be collected into 
some one cabinet. 

Suu-GEOtir II. — OKNITHOID MAUSUPIALOIDS. 
Animals vertebrated, quadrupedal, three to five-toed, plantigrade; the hind feet 
calcigrade, hind legs buttressed by a stout candid appendage. 

Genus II. — ANOMCEl'US. (From hvuitom;, unlike, and -rot;, the foot. The animal with unlike feet.) 
Hind feet plantigrade, three (four]) toed, all the toes pointing forward; omithoid, 
phalanges distinctly impressing the mud in walking. Heel long, extending to the tarsal 
joint ; its posterior part making a deep, rounded impression. Fore foot quinqucfid, rather 
digitigradc ; all the toes pachydactylous, with acuminate claws. A caudal appendage, 
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with blunt extremity, left an impression when the animal rested, as if a blunt stick had 
been pressed into the mud. 

Species 1. Anomcepus major. (Nov. Species.) 

[In the Cabinet, \, »,», V' V> ¥■] 

Hind Foot. — Tridactylous, pachydactylous, unguiculate, tuberculated, ornithoid. Heel 
long, making an impression at its posterior extremity on mud as deep as the toes. Space 
between the extremity of the heel and the roots of the toes forming a broad arch upward, 
so that the whole heel often did not impress the ground in walking. Divarication of the 
lateral toes, 26° ; of the inner and middle toe, 20° ; of the middle and outer toe, 10° ; of 
the axes of the feet with each other, 23° to 30°. Length of the inner toe, 3.5 inches ; of its 
proximal phalanx, 1.6 inch; of its second phalanx, 1.4 inch; of its lingual phalanx and 
claw, 0.6 inch ; of the middle toe, 6 inches ; of its proximal phalanx, 1.6 ; of the second 
and third, the same; of the ungual phalanx and claw, 1.2 inch; of the outer toe, 4.2 
inches; of its proximal phalanx, 0.6 inch; of the second phalanx, 1.1 inch; of the third, 
(third and fourth?), 1.4 inch; of the ungual phalanx and claw, 0.8 inch; of the heel 
behind the toes, 9 inches; of the whole foot, 16.5 inches; of the step, or leap, 10 to 22 
inches. Breadth of the inner toe, average, 1.15 inch; of the middle toe, 1.5 inch: of the 
outer toe, 1.2 inch; of the heel at its posterior part, 2.1 inches; of the trackway, 17 
inches. Distance between the tips of the lateral toes, 4 inches ; between the inner and 
middle toe, 3.5 inches ; between the middle and outer toe, 4 inches. Projection of the 
middle toe beyond the rest, 3.2 inches ; lateral distance between the posterior extremities 
of the heels, 8 inches ; ditto between the middle toes, 12 Laches. Bight foot of the track 
in advance of the left, 2 to 4 inches. 

Fore Foot. — Pentedactylous, pachydactylous, unguiculate, marsupialoid, plantigrade. 
Axis of the feet turned outward; distance between the middle of the feet, 7.7 inches; 
divarication of the outer toes, 83° ; of the inner and second toe, 6° ; of the second and 
third, 32° ; of the third and fourth, 20° ; of the fourth and fifth, 26°. length of the 
inner toe, 1 inch; of the second, 1.5 inch; of the third, 1.6 inch; of the fourth, 1.3 inch; 
of the fifth, 0.7 inch ; of the foot, 2.4 inches ; width of ditto, 2.3 inches ; of the toes, 
average, 0.5 inch. Length of the claws, 0.2 inch. 

Caudal Appendage. — Behind the hind feet of the tracks of this animal, about seven 
inches distant, and midway between the heels, we find a somewhat heart-shaped impression, 
as if a stick from 2 to 3.5 inches in diameter, and rounded at the posterior part in the 
shape of a heart, and pointed at the other end, had been pushed with considerable force 
into the mud. It did not usually drag like a tail, but on one specimen in the Cabinet 
we find the impression repeated at the distance of ten inches, as if the animal moved by- 
leaps ; or if, as is probable, this appendage served as a buttress, while the animal rested 
upon its long tarsus, it might have been raised from the ground at each step of the 
animal, even though it did not leap. 

The tracks of all the feet of this animal, in their normal position, are shown on 
Plate VIII. The successive impressions of the caudal appendage are shown on 
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Plate XLTV., fig. 5, although it is somewhat douhtful whether any track is shown with 
them. 

Locality. — The only place where this species has been found is in the footmark 
quarry near the house of Roswell Field, Esq., in Gill. One specimen is in his possession, 
and another in the Appleton Cabinet ; and, although each of them is deficient in some 
parts, by examining both I have obtained the above characters. Mr. Field's specimen 
shows the impression of the tail and the heel, reaching from the toes backward, but a 
large part of the toes are broken off. The Amherst specimen, however, has one foot 
very distinct, and the posterior extremity of both heels; though only two phalangeal 
impressions can be found upon the left hand foot, as shown in Plate XXXVIII., fig. 2. 
The fore feet, also, are seen upon this specimen, but do not show the toes distinctly. 
These I have supplied from a third specimen, which shows a fore foot very perfectly, 
except the phalanges. Mr. Field discovered the mark of the tail upon his own specimen, 
and pointed it out upon that in Amherst College, where it is less distinct. I am satisfied 
that it must have been made by some sort of a caudal appendage ; I think it must have 
been the extremity of this that made the impression, though some of the marks look as 
if a part of the under side of the tail reached the ground. 

Plate VIII. will give a good idea of the manner in which this animal rested when 
sitting upon its bent hind legs, and the resemblance to the position of a huge frog is 
very strong. So the successive marks of the tail, at intervals of ten inches, gives the 
impression that it moved by leaps. Some other circumstances, however, have excited 
doubts in my mind whether this was its usual mode of progression ; but perhaps this 
point can be better understood after describing the second species. 

Species 2. Anomcepos minor. 
Anonuepus scambus of Fossil Footmarks of the United States, Plate XIII., figs. 1 

to 6. 

Described, also, by Dr. Deane, in the American Journal of Science, Vol. XLIX., p. 80, 
and Vol. III., N. S., p. 78. 

[In the Cabinet, Jf, V, Hi V. ih V< tW 
Hind Foot. — Tridactylous, pachydactylous, tuberculated, ornithoid. Divarication of 
the lateral toes, 42° ; of the inner and middle toe, 20° ; of the middle and outer toe, 22°. 
Toes nearly straight ; average width, 0.8 inch. Length of the inner toe, 2.3 inches ; 
of the middle toe, 3 inches ; of the outer toe, 3.3 inches ; of the heel, 4 inches ; of the 
foot, 8.2 inches; of the step, 9 inches. Projection of the middle toe beyond the rest, 
1.2 inches; distance between the tips of the lateral toes, 2.7 inches; between the inner 
and middle toes, 1.9 inch; between the middle and outer toes the same. Phalanges on 
the inner toe, three, ({) 0.7, 0.7, 0.8 inch, commencing with the proximal ; three on the 

middle toe, 1, 1, and 0.7 inch; five on the outer toe, 0.8, 0.8, 0.6, 0.6, 0.6 inch. Angle 

between the axes of the feet and the line of direction, 20° ; between the axes, 10°. 

Distance between the heels, 4 to 5.8 inches ; advance of one heel beyond the other in the 

tracks, 2 inches ; width of the trackway, 8 inches. 
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Fore Foot. — Pentedactylous, pachydactylous, unguiculate, plantigrade, marsupialoid. 
Axes of the feet somewhat turned outward; angle made by the inner and second toes, 
40° ; between the second and third, 50° ; between the third and fourth, 12° ; between 
the fourth and fifth, 11° ; between the inner and outer toes, 114°. Length of the inner 
or hind toe, 1 inch; of the second, 1.2 inch; of the third, 1.4 inch; of the fourth, 1,8 
inch ; of the fifth, 0.9 inch. Phalanges of the hind or inner toe, 2, 0.4, 0.4 inch ; of the 
second toe, three, (?) 0.3, 0.3, 0.4 inch ; of the third, four, 0.4, 0.3, 0.3, 0.3 inch; of the 
fourth, 3, 0.4, 0.3 inch. Distance of the middle of the heel from the line of direction, 
2 inches. 

Caudal Appendage. — If I mistake not, we find an impression of this on at least two 
specimens in the Ichnological Cabinet, one of which is shown on Plate IX., fig. 1, by 
the ovoid space marked with dotted lines. It may possibly be the heel of another track ; 
but as we have two specimens in the Cabinet almost exactly alike, and no track near 
enough to be connected with them, I presume they are the marks of a tail, analogous 
to that connected with the tracks of Anomcepus major. The tail in the A. minor, judging 
from this sketch, may have been more like the common tail of a marsupial, or a lizard, 
than that of the other species. 

Plate IX., fig. 1, shows the tracks of the four feet of this species, from a specimen 
in the Ichnological Cabinet ; but this does not show the phalangeal impressions. These 
were ascertained with some degree of certainty from a fine slab, 22 by 45 inches, in the 
possession of T. Leonard, Esq., of Greenfield, which I was permitted to examine several 
years ago, and of which Plate XXXIV., fig. 2, is a reduced copy. The Ichnological 
Cabinet contains several specimens, but this of Mr. Leonard's is the best ever found. 
I am not sure that we can determine from it the exact number of phalanges, but we 
approximate to the number. Plate IX., fig. 2, gives a reduced sketch of the best hind 
and fore foot on this slab. 

Locality, Turners Falls. — From a single imperfect specimen in the Cabinet, I 
formerly suggested that this animal's leg above the tarsal joint sometimes reached the 
ground;. but a re-examination of the specimen leads me to doubt this. Indeed it could 
be only an animal with very sprawling legs whose second or third joint could reach the 
ground; and an inspection of Plate IX., fig. 1, shows that this animal did not thus 
spread out its limbs. 

I have been more perplexed to determine the nature and mode of progression of 
the animals of this genus, from their tracks, than in respect to almost any other of the 
one hundred and nineteen described in this Report. The facts which we now possess 
respecting these tracks, have been very slowly developed. The frequent failure of the 
whole heel in both species of Anomcepus to reach the ground, leaving often a space of 
several inches between the impression of the posterior part of the heel and the foot with 
which it belonged, and the great resemblance between the foot and that of birds, led at 
first to the doubt whether the two were connected. But numerous specimens have now 
dispelled that doubt ; and when one looks at such tracks as shown on Plates VIII. and 
IX., it seems as if they must have been made by enormous frogs sitting upon their hind 
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bent legs, with the fore foot resting a little in advance upon the ground, lint there are 
several difficulties in the way of such a supposition ; the toes of living frogs are usually 
terminated by pellets instead of claws, though there is one species, of which a sketch is 
given on Plate VT., h'g. 11, the Dactylura capensis, which has claws. Again, Batrachians 
generally have only four toes on the front foot, but here we have five. Once more, the 
frog when at rest turns its fore feet inward, but these arc turned outward. And, finally, 
the frog has no tail such as we find to have been possessed by the Anomcepus. 

Being thus thrown into great doubt as to the Batrachian origin of these tracks, we 
turn next to the Marsupials ; and here, it must be confessed, we find some strong 
analogies. Those with unequal feet, as the kangaroo, have five toes in the fore foot, 
which are placed, when the animal brings them to the ground, as in tire Anomcepus. 
Originally the hind foot has five toes also ; but they usually, hi some species, become 
consolidated into three, though you will sometimes see two claws on a toe. The long 
heel, also, of the Anomcepus, corresponds to that of the kangaroo tribe ; and though its 
caudal appendage seems not to have made such an impression as would that of the 
kangaroo, yet in both it seems to have been one of the legs of a tripod on which the animal 
rests, and is buttressed up by it. 

The character of the hind foot is, I think, the strongest argument against the 
marsupial origin of the Anomcepus tracks ; it is so exceedingly like a bud's foot, such as 
will be shortly described, that when seen separated from the heel we should rarely suspect 
that it belonged to a different animal. In the A. major, even the phalanges correspond 
with those of a bird, except, perhaps, in the outer toe ; and in the most perfect specimen 
known, that represented on Plate VIII., it is quite possible that four phalangeal 
impressions may have been made, for the distal phalanx, as I have described it above, is 
long enough for two, though I can discover but one on the stone. I cannot believe, 
however, so distinct are the imprints, that the inner toe had more than two ; although 
taking living Mammalia as our guide, all the toes should have three. In the A. minor, 
also, though 1 still doubt whether we can consider the number of phalanges to be settled, 
as far as we do know, the correspondence is rather with birds than with Mammalia. But 
I shall add some further remarks on this point, when I come to that of the affinities of 
the second Group. 

There is another difficulty in the distinctness and breadth of the phalangeal 
impressions. 1 have never seen the track of a Marsupial with unequal feet, but I cannot 
conceive it possible that the consolidated toes of its hind feet should have phalanges so 
distinct and expanded. Indeed this character in many of the fossil footprints is more 
marked than in any living animals that I know of, and constitutes one of the peculiarities 
that distinguish the fossil from living species. 

To enable those who read this Report to form a better idea of the relations of the 
Anomcepus to Marsupials, I have given on Plate VII., figs. 23 and 24, sketches of the 
hind and fore feet of the llypsiprimnus pcncillatum and Perameles obesula, two Marsupials 
from Australia, whose feet correspond more nearly to the tracks of Anomcepus than any 
other species of that family. 



60 



MARSUPIALOIDS. 



In view of all these facts my mind still balances upon the question, in what class 
of animals shall we place the species of Anomcepus? 1 have called them Ornithoid 
Marsupialoids ; but perhaps they might, with nearly equal reason, be called Omithoid 
liatrarhians. Indeed, if ;i phrase so compound conld be osed ;ts should impl] :i par- 
ticipation in the characters of marsupials, birds, batrachians, and even lizards, it would 
better than any other express my present coin Lotions : far the Longer I Stud) these lnu-ks, 
the stronger my impressions become that some of these ancient animals possessed 
characters now more exclusively belonging to two, three, or even four classes. Nor is it 
yet possible, in all cases, to decide which characters predominate. Even when the bones 
have been found of animals of the same geological age as the tracks, the zoologists have 
not yet been able to agree upon the place of some species. How much more difficult 
where the tracks only remain ! 

A few words as to the mode of progression in the Anomoepus tribe. AYhen we see 
its position, as it rested upon all its feet and tail, so like that of a frog, and especially 
when we observe that the tail did not drag, but struck the ground only at intervals, we 
naturally conclude, that like the frog or kangaroo, it must have advanced by leaps. But 
another fact, obvious in every track which I have seen, should be taken into the account; 
one hind foot is always in advance of the other, — an indication of progress by steps, at 
least with the hind feet. Yet this is not the case to any extent with the fore feet. I 
have conjectured that the animal had twoj or three modes of advancing, which it could 
use at pleasure ; sometimes it might use only its hind feet and tail, lifting up the latter 
as it rose upon its feet, to step forward ; then it might bring down its fore feet, and 
make them the pivot for throwing forward its posteriors by a partial somerset, or a one- 
sided impulse. But, perhaps, if I had been more familiar with the movements of mar- 
supials on disproportioned legs, I might not be obliged to leave this point in so much 
uncertainty. 

Suu-Gnour III. — LORICOID MARSUPIALOIDS. 
Animals vertebrated ; four to five toed, mostly pointing forward : moving forward 
nearly on a right line. 1 ,egs and step long. 

Genus III. — ANISOPUS, (ui'ivog, unequal, and not^, foot: the animal with unequal feet.) 
Hind feet four-toed, all pointing forward ; fore foot five-toed, four pointing forward ; 
thick, rounded at the end. Animal walking nearly on a right line, and bringing up 
the hind foot nearly into the place just left by the fore foot 

Species 1. Anisopls Dewevani s. 
Ornithichnites parvulus. Mass. Report, 1840, Plate 39, fig. 26. 

Sauroidichnites Dewcyi of Transactions of American Association of Geologists and 
Naturalists, Plate 11, fig. 9. 

Anisopus Dcwei/anus of Fossil Footmarks of the United States, Plate XVI., figs. 5 
and 6. 

[Ill the Cahinct, i, f, f, v, V. V. ?8> V- V. !J. V. 110 
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Hind Foot. — Divarication of the inner and second toes, 12°; of the second and 
third, 23° ; of the third and fourth, 6° ; of the inner and outer, 40°. length of the 
inner toe from the posterior extremity of the foot, 1 inch; of the second toe, 1.5 inch; 
of the third, 1.7 inch ; of the fourth, 1.5 inch ; from tip to tip of the lateral toes, 1.1 
inch; average width of the toes, 0.3. Toes rarely showing phalangeal impressions or 
claws ; angle of the axis of the foot with the median line, 15° to 30° ; distance of the 
middle of the heel from the median line, 1.5 inch. Ixingth of the step, 7 to 7.5 inches. 
Width of the trackway, 2 to 3 inches. 

Fore Foot. — Five toed, tuberculated. Divarication of the inner and second toes, 
53°; of the second and third, 13°; of the third and fourth, 18°; of the fourth and fifth, 
24°; of the inner and outer, 107°. Length of the inner toe, reckoned from the centre 
of the heel, or posterior extremity, 0.3 inch ; of the second ditto, 0.8 ; of the third, 
1 inch; of the fourth, 1 inch; of the fifth, 0.6 inch. Distance from tip to tip of the 
lateral toes, 0.75 inch. Tracks of the fore foot usually made a little on the inside of that 
of the hind foot. 

Both the hind and fore feet of this species, or rather an outline of their tracks, are 
shown on Plate IX., fig. 3 ; beautiful rows of the same are shown on Plates XLL, fig. 2, 
XLIL, figs. 1 and 2, and LIU., fig. 8. Many of these on the stones appear larger than 
the outlines given on Plate IX., fig. 3, and probably the specimen chosen from which to 
obtain the above description does show a rather smaller track than the largest, but it 
is quite distinct. The fifth toe on the fore feet, being very short, and looking at first 
almost like a heel, is rarely seen. Plate LVIII-, fig. 11, shows a single hind and fore 
foot as they appear on the slab. 

This species is dedicated to my early and distinguished friend, Rev. Professor Chester 
Dewet, LL. D., of Rochester, New York. 

This was the first animal whose tracks were recognized as those of a quadruped in 
the Connecticut Valley. I first described them in my Massachusetts Report in 1840, as 
those of a bird; three toes only being visible on a slab from Middletown, though I 
suggested their resemblance to those of a marsupial animal ; but in 1 842, I redescribed 
the species under the name of Sauroidichnites Deweyi, in the Transactions of the 
Association of American Geologists and Naturalists, and I there stated that " this is the 
first example in which any of the numerous tracks upon the sandstone of the Connecticut 
Valley were made by a quadruped." What a progress there has been in this respect 
since that time, fifteen years ago ; for in this Report I expect to describe not less than 
fifty-four species of four footed animals ! 

Species 2. Anisopls gracilis. 
Anisopus gracilis. — Footmarks of United States, Plate XVI., figs. 3, 4. 

[In the Cabinet, Nos. J, y, Y, V, H> V- V- V. V. V- V. V. V- V. V. ¥> ft 11 V- V. V. ?}. !l. II !?• ih H 
II, V. J5. 58. il ft ft ft ft ft ft ft ft] 
Hind Foot. — Pour-toed, increasing in length to the third, the fourth rather shorter; 
all directed forward. Phalangeal impressions sometimes seen on the track, with a claw 
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on all the toes except the fourth. Divarication of the outer toes, 40° ; of the inner and 
second toes, 15°; of the second and third, 10°; of the third and fourth, 15°. Length 
of the inner toe from the middle point of the heel, hind part, 0.4 inch ; of the second 
toe, 0.8 inch; (length to its root in the heel, 0.65 inch,) of the third toe, 0.9 inch; (to its 
root, 0.6 inch,) of the fourth, 0.85 inch; (to its root, 0.5 inch,) of the foot, 1 inch. Width 
of the inner toe, 0.1 inch; of the others, 0.15 inch. From tip to tip of the lateral toes, 
0.8 inch. In the inner toe, two phalanges ; in the second, three ; in the third, three ; 
in the fourth, three. (X). Angle between the axis of the foot and the line of direction, 
10° to 20°, outward. Distance of the heel from the median line, 0.25 to 0.6 inch. 
Width of the trackway, 2 inches. Length of the step, as large as 5.6 inches. Claw on 
the three inner toes only, of the width of a pin, and 0.1 inch long. 

Fore Foot. — Toes, five; outer ones very short, and rarely seen on the track, all 
pointing forward. Divarication of the lateral toes, about 60° ; of the inner and second, 
15°; of the second and third, 20°; of the third and fourth, 10°; of the fourth and fifth 
10°. Length of the inner toe, 0.25 inch; of the second toe, 0.5 inch; of the third, 0.6 
inch ; of the fourth, 0.45 inch ; of the fifth, 0.2 inch. Claws on all the toes except the 
two outer ones. From tip to tip of the outer toes, 0.4 inch. Position of the track in 
walking a little within and slightly in advance of the hind foot, and the axis is more 
nearly coincident with the line of direction. Width of the inner and outer toes, 0.05 
inch ; of the others, 0.075 inch. 

An outline of the tracks of this species is given on Plate IX., fig. 4, taken from one 
of the best specimens in the Cabinet. The specimens there are numerous and some of 
them are shown on Plate XLIII., figs. 3, 4 and 5, and Plate XXXVI., fig. 1, shows a row 
of tracks from a slab owned by Roswell Field, Esq. The object of this last sketch is to 
show how nearly in a right line the animal moved. Plate LVIII., fig. 9, shows an 
ambrotype sketch of a single hind and fore foot. 

Localities. — The finest localities are at Turner's Falls, at the Ferry below the Falls, 
in Mr. Field's orchard, and at Lily Pond. Also in South Iladlcy, in several spots, in 
Northampton, east side of Mount Tom, and at Middletown. 

Affinities of the Sub-Group. — The tracks of the Anisopus have certainly very much of 
a Loricoid or Crocodilian aspect. I mean so far as the form of the foot is concerned. For 
lizards have four hind and five fore toes ; and moreover, one of their hind toes has no 
claw, nor upon two of their fore toes, as in the Anisopus. Again the number of phalanges 
so far as they have been ascertained in the Anisopus, correspond. In the crocodile it is 
two in the inner, three in the second, and four in the two other toes, and we are sure that 
it is the same in the two inner toes of the Anisopus gracilis, and not sure but it may have 
four in the others. It would seem, then, from these characters that we have in the Anisopus 
minute species of the crocodile tribe. 

But there is another character that makes it quite sure that they could not have had 
the structure of crocodiles, alligators, or gavials, or any of the scaly lizards ; and that is 
the position of their tracks when walking. These succeed one another usually almost in a 
right line. (See Plate XXXVI., fig. 1, and Plate XXXV., fig. 5, which are given on 
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purpose to exhibit this fact.) Now such an arrangement of quadrupedal tracks can be 
made only by an animal walking upright and with long legs. No existing lizard, 
batrachian, or chelonian, could walk in this manner. But the cat, dog, fox, &c., do leave 
tracks thus arranged. All the reptiles above named must leave two rows of tracks wide 
apart. And therefore, we have a strong presumption in such rows of tracks, that the 
animal which made them must be of the mammiferous class. The inequality of the front 
and hind feet points us to the marsupials among the mammifers ; and since these appear 
to have been the earliest of this class that appeared on the globe, they are the ones most 
likely to have made the tracks. But although the marsupial type must have predominated, 
the loricated or crocodilian characters, already indicated, ought not to be overlooked, and, 
therefore, I call the animal a Loricoid Marsupialoid. 

I ought to add, that this rectilinear arrangement is no unusual occurrence hi the 
quadrupedal tracks of sandstone clays, as the subsequent descriptions and annexed Plates 
will show ; and there are some others, as the Gigantitherimn, Hyphepus, Plesiornis and 
Plectropterna angustus and linearis, which have nearly as strong a claim to be placed under 
this Group as the Anommpms and Anisopus. But at present I let them stand in other 
connections. 

I can hardly help referring here to the well-known Chirotherium Barthii of Europe ; 
well known I mean by its tracks. True, the specimens of these tracks in the Ichnological 
Cabinet (Nos. If, M, ff,) are not on slabs large enough to enable me to judge accurately of 
their appearance in succession. But all the drawings of them which I have seen, and if I 
do not misrecollect, those on the large slabs in the British Museum, and in the collections 
at Liverpool, show these tracks arranged nearly on a right line. (Ex. gr. those in Dr. 
Buckland's Bridgewater Treatise, Plate 26.) Now some eminent naturalists have referred 
this animal to the Batrachian class. Professor Owen has attempted to identify it with the 
Labyrinthodon, and has given an outline sketch of one of these animals, leaving his 
tracks behind him. But highly as I respect the opinions of this eminent man, I cannot 
believe that such an animal as he has figured, could have left its tracks in a right line, or 
any where nearly in a right line. They must have been wide apart and could never have 
formed such nearly rectilinear rows as are shown on Dr. Buckland's Plate. It seems to 
me, therefore, that those who refer these animals to Marsupials, are sustained by the 
strongest evidence. 

GROUP II. — PACHYDACTl'LOUS OR THICK-TOED BIRDS. 

Genus I. — BRONTOZOUM. (From $(A*li)S, a giant, and £wov, an animal ; the giant animal.) 

Foot tridactylous, pachydactylous, clawed, inner toe shortest ; all the toes directed 
forward. Phalanges, exclusive of the ungual, two on the inner toe, three on the middle, 
and four on the outer toe. Foot plantigrade ; cushion beneath sloping upwards posteriorly. 
Outer and posterior process of the outer distinct articulation of the tarso-metatarsal some- 
times making an impression on the ground, through the cushion Integuments of the 
foot papillary and striated. 
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Species L. Brontozoum giganteum. 

Omithichnites gigantcus. — American .Journal of Science, Vol. XXIX., Plate L, and 
Buckland's Bridgewater Treatise, Plato 26'. London. 1836. 

Ornithoidichnites giyantens, Final Report on the Geology of Massachusetts, Plate 36, 
fig. 18. 

Ornitichnites yiyanteus ; Pictet's Traite de Paleontoloyie, Tome Premier, p. 406, Plate 
XX, fig. 8. Seconde Edition. 1853. Paris. 

Omithichnites anil Ornithoidichnites giganteus. — Bronn's Index Paleontologicus, Zweite 
Hal/te, p. 851. Stuttgart. 1848. 

Emprientes physioloyiques, M. Aleide D'Orbigny's Cows Elementaire de Paleontologie. 
Premier Volume, p. 27. 

[Specimens in the Ichnological Cabinet, Nos. \, \, }, {, \, \, {, ft, ft, If, if, If, \\ If, ^, *f\ If, f, if, 

il. i* If. H. H. V. U> ¥. V, V. ¥. V. V. ¥> H> ¥> V. V- ¥• 
Description. — Divarication of the lateral toes, 40° ; of the inner and middle toes, 20° 
to 25° ; of the outer and middle toes, 15°. Length of the middle toe, 12.5 inches ; of the 
inner toe, 10 inches; of the outer toe, 12.5 inches; of the foot, 14 to 18 inches; of the 
step, 3 to 5 feet. Width of the toes, 2 to 3 inches ; of the posterior part of the 
foot, 6.5 inches. Length of the claw, 1.75 inch. Distance between the tips of the 
lateral toes, 12 inches; between the tips of the outer and middle toes, 7 to 8 inches; 
between the inner and middle toe, 7.45 inches. Length of the middle toe, beyond the 
lateral ones, 5.5 inches ; of the first phalanx of the inner toe, 3.7 to 3.8 inches ; of the 
second, 3.7 to 4.7 inches ; of the first phalanx of the middle toe, 2.8 to 4 inches; of the 
second, 3 to 3.1 inches; of the third, 2.3 to 2.9 inches; of the proximal phalanx of 
the outer toe, 3.1 to 3.5 inches; of the second, 2.8 to 3.2 inches; of the third, 2 to 2.1 
inches; of the fourth, 2.3 to 2.5 inches. Angle made by the axis of the animal's foot 
with the median line, or line of direction, as it walked, 0° to 10°. Distance of the 
centre of the heel from the median line, 0 to 5 inches. Width of the trackway, 18 
inches. Toes nearly straight ; middle one slightly curved inwards. Claws nearly straight 
and only slightly curved downwards. Integuments of the under side of the foot papillary 
and striated. Animals gregarious. Track shown of the maximum size on Plate X. 

Plate XXXIII., fig. 1, shows a row of seven of these tracks of rather less size, on a 
slab in the Cabinet from Northampton, about 30 feet long. Plate XXXIII., fig. 2, shows 
another of three tracks of the largest size, from the same locality. On Plate XXXIII., fig. 
3, we have four of these tracks of moderate size, surrounded by many of other species. 
Plate XLL, fig. l,has two tracks of this species from Turner's Falls, of maximum size, 
with several smaller kinds of analogous character. Plate LIIL, fig. 7, represents a stony 
volume of this species, occupying a centre table in the Cabinet. It is not as perfect as some 
others ; but it is very rare to obtain this species in the book form. This comes from the 
most northerly point on the river where tracks are found. Plate LVII., fig. 1, exhibits a 
reduced sketch of a single track ; the first one ever discovered, which was figured of the 
natural size in the American Journal of Science and in Buckland's Bridgewater Treatise. 
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Localities. — One lias just been indicated, viz. : at a point in Gill, nearly opposite the 
mouth of Miller's River, It occurs, also, at the Horse llace and Lily Pond: at the Ferry 
above Turner's Falls : between the bridges over Connecticut and Deerfield Rivers, in Deer- 
field : at all the localities in the north part of South Hadley, and in Northampton at the 
east foot of Mount Tom: this indeed is the most abundant locality. Here are found 
several parallel and some intersecting rows of this species of track, which often run oblique 
to what must have been the direction of the shore where they were made. These facts 
make the gregarious character of the animals probable. 

Advancing southerly, we find this species at Chicopee Falls, Enfield Falls, Wethers- 
field Cove, at the Portland Quarries, and especially in the south-west part of Middletown. 
We thus ascertain its former existence through the whole length of the valley. The first 
track of this species which I found, (that which was figured in the American Journal of 
Science for 1836, and afterwards in Buckland's Bridgewater Treatise,) I threw aside at first, 
because I could not believe that an impression three or four times larger than that of the 
great African ostrich's foot, could be a track. But this animal turns out to have been one 
of the most common of all that trod upon the muddy shores in liassic days. For a time I 
regarded it as the giant ruler of the valley. But subsequently I have found the tracks of 
others that might have successfully disputed the palm of superiority with' it, as subsequent 
descriptions will show. 

We have specimens in the Ichnological Cabinet larger than the one I have figured : 
or rather with wider but not longer toes. One from Northampton, No. will hold four 
quarts of water. No. is the cast of one obtained by Dextf.u Marsh from the same 
locality, the original of which is in the Cabinet of the Boston Society of Natural History, 
having been purchased for one hundred dollars. It holds two quarts of water. Now I 
think that neither of these specimens show the true size of the toes ; but that the tracks 
are below the layer on which the animal trod. His weight depressed several layers of 
mud below the surface, and if the mud was stiff the depression w ould enlarge downwards ; 
so that when hardened into stone, and split open, a surface below where the animal trod 
would show a broader (not longer) track than the original. That in these cases the surface 
is not that on which the animal trod, is manifest from the fact that the phalangeal 
impressions have disappeared. In all such cases I am jealous of a track as affording the 
true size of the foot. No. X^-, however, does certainly appear as if the animal trod upon 
the surface now exposed. But tin; claws are not well exhibited and I incline to the 
opinion that such was the state of the mud that the foot left an exaggerated impression, as 
we often sec among the tracks of living animals. The rule I have adopted in such cases is 
this : the more perfect the track in all its parts, the more sure may we be that the true 
form and size of the foot are represented, and vice versa. 

Species 2. Brontozoum minuscumm. (Nov. Sp.) 

[Specimen! in the Cabinet, Nos. J, j, }, V. V> ¥» Vi V. V. S!- tf> V. II V> ¥•] 

Divarication of the lateral toes, 50° ; do. of the inner and middle toes, 25° ; do. 
of the middle and outer toes, 25°. Length of the middle toe, 7.5 inches ; of the outer toe, 
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8.5 inches ; of the inner toe, (i.25 inches ; of the middle toe beyond the others, 4 inches ; 
of the claw, 1.5 inch; of the foot, 12 inches; of the step, 1 ft. 3 inches to 2 ft. 3 inches, 
length of the proximal phalanx of the inner toe, 2.5 inches ; of the second, 2.5 inches ; 
of the first of the middle toe, 2.5 inches; second do., 2.25 inches; of the third do., 
2.25 inches ; of the first in the outer toe, 2.5 inches ; of the second, 2.1 inch ; of the 
third do., 1.75 inch; of the fourth do., 1.75 inch. Distance between the tips of the 
lateral toes, 7.3 inches; between the inner and middle toes, 5.3 inches; between the 
middle and outer toes, 5.3 inches. Angle between the axis of the foot and the median 
line, inward, 0° to 20°. Width of the trackway, 12.5 inches. Outline track shown of 
the natural size on Plate XL, fig. 1 ; also on Plate XL., fig. 2, and Plate XLL, fig. 1, 
two successive tracks are shown, and three on Plate XLIL, fig. 3. On Plate LVTI., fig. 2, 
is exhibited a single reduced track. 

Localities. — Lily Pond quarry, in Gill, has furnished the most numerous specimens. 
It occurs, also, in the south part of Northampton, on the bank of Connecticut River. 

This species might be regarded as only a smaller example of B. giganteum ; but the 
great uniformity of its characters from the different localities, and their perfection, as well 
as some differences in form, strike the practiced observer as indicating a distinct species. 
Tracks like entire animals, or plants, frequently exhibit a peculiar type, by which the 
eye distinguishes one species from another, even where it is difficult to describe the 
difference in words. 

This species has left an elegant track, especially as shown on Plate XL., fig. 2, from 
which the outline on Plate XL, fig. 1, was taken. 

Species 3. Broxtozoum tcberatum. -(Nov. Sp.) 

[Specimens in the Cabinet, Nos. ^, ^, f, if, \l, ^, ft, if, iy>, J£.] 

Divarication of the lateral toes, 25°; of the inner and middle toes, 17°; of the 
middle and outer toes, 8°. Length of the inner toe, 5.5 inches; of the middle toe, 6.75 
inches; of the outer toe, 8 inches; of the foot, 9.75 inches; of the step, 31 inches; of 
the first phalanx of the inner toe, 2.75 inches ; of the second, 2 inches ; of the middle 
toe, first phalanx, 1.88 inch; of the second, 2 inches; third do., 2 inches; of the claw, 
1 inch; of the outer toe, first phalanx, 1.5 inch; second do., 1.62 inch; third do., 
1.37 inch; fourth do., 2.25 inches. Width of the phalanges, 1.75 to 2 inches. From 
tip to tip of the lateral toes, 6 inches ; inner and middle toes, 4.5 inches ; middle and 
outer toes, 3.62 inches. Extension of the middle toe beyond the lateral ones, 2.62 inches. 
Angle of the axis of the foot with the median line, 0° to 10°. Width of the trackway, 
8 inches. Outline of the track of natural size shown on Plate XI., fig. 2, copied from 
the stony volume No. |], exhibited on Plate LIE., fig. 7, from an ambrotype sketch. 
Locality. — Lily Pond, near Turner's Falls. 

Remark. — This species differs from the B. minusculum, not only in being smaller, 
but in the much less divarication of the outer toes, and in the nearer approach to a 
circular form of the phalanges, especially the first one on the middle toe. 
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Species 4. BbontOZOUM exsertum. (Nov. Sp.) 
[In the Cabinet, Nos. J, J, \, §, \, j, (, f f, J, A, }, f, ft, ft, y, ¥. ¥. V. ¥. V. ¥. V. V. V. H. ¥. V- » V. 38. 

V. V. ^. ft. «- B> Hi V. V. ¥. ft «•] 
Divarication of the lateral toes, 30° ; of the inner and middle toes, 15° ; of the 
middle and outer toes, 15°. Length of the inner toe, 4 inches; of the middle do., 6.25 
inches ; of the outer do., 6 inches ; of the foot, 8.75 inches ; of the step, 30 inches ; of 
the first phalanx of the inner toe, 1.5 inches; of the second do., 1.5 inches; of the 
first on the middle toe, 2 inches; of the second on do., 1.5 inch; of the third do., 
1.5 inch; of the first on the outer toe, 1.25 inch; of the second on do., 1.25 inch; of 
the third, 1.44 inch; of the fourth, 1 inch; of the claw with the ungual phalanx, 1.25 
inch. Width of the phalanges of the inner and outer toes, 1 to 1.25 inch; of the middle 
toe, 1.25 to 1.75 inch. Distance between the tips of the lateral toes, 4.75 inches ; between 
the inner and middle toes, 4.5 inches ; between middle and outer toes, 3.5 inches. 
Projection of the middle toe beyond the outer ones, 3.33 inches ; width of the trackway, 
6 inches. Angle between the median line and the axis of the foot, outwards, 0° to 5°. 
Outline track of the natural size, shown on Plate XII., fig. 1 ; taken from slab No. 3 £\ 
on Plate XL., fig. 3, from an ambrotype sketch. 

Localities. — Most abundant at the east foot of Mount Tom, in Northampton, but 
common at Turner's Falls, and occurring at Portland. 

Remark. — The most striking character of this species is the unusual projection of 
the middle toe ; which character has hardly justice done to it in the drawings. 

Species 5. Buoxtozoum validl-m. 

Omithichnites tuberosus, in part, American Journal of Science, Vol. XXIX., p. 318, 
and in Massachusetts Final Geological Report, Plate 37, fig. 20. 

Brontozoum loxonyx of the Fossil Footmarks of the United States, p. 172, Plate II., 
figs. 1 and 2. 

[In the Cabinet, Noe. {, ?, |, f f, f, f , f J, >,», ¥• ¥■ ¥• ¥■ \l ft ¥■ V. V. ¥• ¥. V. V. ¥• V- H. V. !i . H 

ft ft lb ft ?i. Hi ih V, 88. V. V. V. V. V, li. V. V. V. V. V. V. !J. ?}. Hi V. V. ib f. ¥0 
Divarication of the lateral toes, 36° ; of the inner and middle toe, 22° ; of the middle 
and outer toe, 14°. Length of the inner toe, 4.5 inches; of the middle toe, 5.5 inches; 
of the outer toe, 5.75 inches; of the foot, 8.2 inches; of the step, 33 inches; of the first 
phalanx of the inner toe, 2.3 inches; of the second do., 1.5 inches; of the first phalanx, 
in the middle toe, 1.9 inch; of the second do., 1.6 inch; of the third do., 1.5 inch; 
of the first in the outer toe, 1.3 inches; of the second in do., 1.2 inches; of the third in 
do., 1.1 inch; of the fourth in do., 1.4 inch; of the claw of the middle toe, 1 inch. 
Distance between the tips of the lateral toes, 5.3 inch ; do. between the inner and middle 
toe, 4 inches ; do. between the middle and outer toe, 3.7 inches. Projection of the middle 
toe beyond the lateral ones, 2.7 inches. Angle between the claw of the inner toe and tin 
axis of the toe, 33° (inside) ; do. on the middle toe, 27° (inside) ; do. on the outer 
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toe, 8° (outside); do. between the median line and the axis of the foot, 0° to 5°. 
Width of the phalanges of the inner and outer toes, 1.2 inch ; do. of the middle toe, 
1.8 inch. Width of the trackway, 6 inches. 

Outline of the track of this species of natural size, shown on Plate XII., fig. 2. It 
is exhibited, also, on several of the arnbrotype sketches on Plates XXXVIII. to LI., as 
on XXXVIII.,' figs. 1 and 2, Plate XL., fig. 3, &c. A single track, very perfect, is 
shown on Plate LVII., fig. 3. 

Localities. — It occurs on Mount Holyoke, at Turner's Falls, at the east foot of Mount 
Tom, and at the Portland quarries. The most interesting locality is the first named, where 
the track occurs immediately beneath columnar trap, of which there are very few examples 
yet discovered. 

Species 6. Brontozoum Siiximanium. 

Ornithoidichnites tuherosus in part, and O. cuneatus in part, of Massachusetts Report, 
Plate 37, fig. 21, and Plate 38, fig. 22. 

Omithoidichnites Sillimani, Transactions of Association of American Geologists, p. 256. 

Bront. Sillimanium of Possil Footmarks of the United States, p. 171, Plate 3, fig. 2. 
Tin the Cabinet Nos. H 1 M i A T '- 4- ^ ia y u ui ui Jjt 33 il U 11 ?fi *M 2Jt 22. ju aa, 

52. II 2Q as .!! 31 !] SI |i M U il II U M il 41 41 41 41 41.1 
Til I ' 17> 22> 1B» 1?» 2 » 4 ' 42> 4 I 7 ' 4 » 10' 1 ' IT' T I 1 &' 16» IT' lS' 24 J 

Divarication of the lateral toes, 25° ; Of the inner and middle toes, 8° to 11° ; of the 
middle and outer toes, 15° to 18°. Length of the inner toe, 2.8 to 3.2 inches ; do. of the 
middle toe, 4 to 4.5 inches ; do. of the outer toe, 4 to 5 inches ; of the foot, 5.75 to 6.5 
inches; of the step, 12 to 20 inches; of the first phalanx of the inner toe, 1 to 1.4 inch; 
of the second do., l.l to 1.2 inch; of the first in the middle toe, 1.1 to 1.4 inch; of the 
second do., 1.4 inch ; of the third do., 1.1 inch ; of the claw, 0.8 to 1 inch ; of the first in 
the outer toe, 0.6 to 1.1 inch ; of the second do., 0.6 to 0.9 inch ; of the third do., 0.7 to 
0.8 inch; of the fourth do., 0.8 to 1.2 inch. Distance between the tips of the lateral toes, 
3 to 3.5 inches ; do. between the inner and middle toes, 2.2 to 3 inches ; do. between the 
middle and outer toes, 2.5 inches. Projection of the middle toe beyond the outer ones, 2 
to 2.2 inches. Angle between the claw of the inner toe and the axis of the toe, (inward,) 
23° ; do between the claw of the middle toe and its axis, 0° ; do. between the claw of the 
outer toe and its axis, 15°, (outward); do. between the median line and the axis of the foot, 
0°. Distance of the middle of the heel from the median line, 0 to 1 inch. Width of the 
phalanges, 0.8 to 1.2 inch. Width of the trackway, 4.5 inches. 

An outline of the track of this species is given on Plate XII., fig. 3. Numerous 
examples on a reduced scale, are given on Plate XXXIII., figs. 4 and 5. These small 
outlines are more perfect than they are upon the specimens; that is, wherever on the slab 
I have found a track of this species, although defective in some part, I have made it perfect 
upon the sketch. Plate XLIII., fig. 6, shows several of these tracks from an arnbrotype 
sketch on a slab from South Iladley. Not a few of them arc seen also on Plates XXXIX., 
fig. 1, XL, fig. 3, XLL, figs. 1 and 2 ; XLIL, figs. 1 and 2 ; XLV., fig. 5, and especially on 
Plate LX., fig. 1, which is from Middletown, and is the gem of the Cabinet. The engraving 
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is intended to be no more perfect than the specimen, which exhibits between fifty and sixty 
tracks with the phalangeal impressions and claws exceedingly distinct. They are in 
relief; and were it not for the mud veins, would show the foot of the animal as perfectly 
as if one lay petrified in each track, or rather projecting from the slab ; for the tracks are 
in relief. 

This slab, of slightly reddish micaceous sandstone, has been used as a flagging stone 
in the streets of Middletown for sixty years. 1'ifteen or twenty years ago it was taken 
up, when the tracks were discovered on the under side, and it was secured by Dr. Joseph 
Barrett, who thus early had become much interested in footmarks, and from him I 
purchased it for the Ichnological Cabinet. It was dug from the quarry about two miles 
west of the city, as Dr. Barrett supposes, nearly eighty years ago ; but at present that 
quarry exhibits no sign of any such tracks, and scarcely of any other. 

Upon a review of this species, after it is too late to make any alterations because the 
Plates are struck ofF, I regret that I did not place it under Grallator. The discovery 
of the Grallator formosus makes such a change more desirable. But I will not attempt 
the change now. 

Localities. — This is perhaps the most abundant species among the tracks. It is 
perhaps most common at South Hadley, Northampton and Portland ; but rather common, 
also, at Turner's Falls. At Portland it accompanies in great numbers the huge Otozoum, 
as it does at South Hadley. 

Remark. — I have found it difficult to define the limits of this species and I apprehend 
that as now given it embraces at least two species. But I have failed to seize upon 
any distinctive characters between them. I dedicate this species, as a testimony of respect 
and gratitude, to my eminent teacher and friend, Professor Benjamin Sileeuan, LL. D., 
whose long life of devotedness to science, and distinguished success, as well as estimable 
private character, entitle him to the grateful remembrance of those whom he has taught 
and encouraged in similar pursuits. I am glad to affix his name to a species the most 
distinct and common, yet beautiful, in the Cabinet. It is especially due to him, as 
probably the first scientific man who adopted my views of the footmarks, and whose 
great work, the American Journal of Science, begun forty years ago, has continued to 
record the progress of ichnology more than any other work on the globe, for nearly a 
quarter of a century ; that is, from the birth of this branch of science. 

Species 7. Brontozoum isodactyeum. 
Omithoidichnites fitlkoides. — Transactions Association American Geologists, Plate 11, 
fig. 4. 

JEthiopus minor. — Footmarks of the United States, Plate IV., figs. 2, 3. 

[In the Cabinet, No.. V. !»- V. V- ¥. \h H> V- «. \h ih ft li. I V. V. ?|. ¥> !f. ih V? ¥■] 

Divarication of the lateral toes, 45° to 60° ; of the inner and middle toe, 20° ; of 
the middle and outer toe, 28° to 38°. Length of the inner toe, 2.4 to 2.6 inches ; of 
the middle toe, 3 to 3.2 inches ; of the outer toe, 2.8 to 3.8 inches ; of the foot, 4.2 
to 4.5 inches; of the step, 5.5 to 6.5 inches; of the first phalanx of the inner toe, 1 inch; 
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of the second do., 0.8 to 1 inch; of the first of the middle toe, 0.9 to 1 inch; of the 
second do., 0.8 to 0.9 inch; of the third do., 0.8 inch; of the claw, 0.6 to 0.8 inch; of 
the first phalanx of the outer toe, 0.7 inch ; second do., 0.(i to 0.7 inch ; of the third do., 
0.5 to 0.6 inch ; of the fourth do., 0.4 to 0.5 inch. Distance between the tips of the 
lateral toes, 4.4 inches; between the inner and middle toes, 1.9 inch; between the middle 
and outer toe, 2.3 inches. Projection of the middle toe beyond the lateral ones, 1.2 inch. 
Angle between the axis of the middle toe and that of the claw, 10°, outward ; do. with 
the inner and outer toes, 0°. Angle between the median line and the axis of the foot, 
(inward,) 0° to 25°. Distance of the middle of the heel from the median line, 0 to 2 
inches. Width of the trackway, 5 inches. 

Plate XII., fig. 3, shows an outline of the natural size, of the track of this species. 
On the ambrotype sketch, Plate XL., fig. 1, are shown not less than four rows of this 
species, if I mistake not. Plate XL VI., fig. 3, shows two tracks of the same. Plate LVIL, 
fig. 4, represents a single track reduced. 

Remark. — This species, although a quite distinct one, is not always easy to be 
distinguished from certain conditions of Apatichnus circumagens and Plesiornis 
quadrupes. 

Localities. — Turner's Falls is perhaps the best locality. But it occurs at North- 
ampton, South Hadley, and I think, also, at the Portland quarries. 

Genus II. — AMBLONYX, (4p#lfc, blunt, and in$, a claw.) 

JEtliiopus of the Fossil Footmarks of the United States, Plate 4. 
Distinctive Characters, Claws blunt : Phalanges very broad. 

Remarks. — I formed the genus JEthiopus (like a coot's foot) under the conviction 
that certain specimens of tracks showed winged phalanges and claws, like those of the 
Coot and Grebe. But the more perfect specimens since obtained, lead me to give up 
the wings of the phalanges, although they have an unusual width. But the great 
expansion and bluntness, or rather rounded form, of the claws, remains unexplained ; 
and, therefore, I still retain a distinctive name for animals whose tracks have this character. 
I can conceive of such a state of mud, when trod upon, that the edges of the track should 
afterwards slide down so as to enlarge the impression ; and the same effect might take 
place in the imprint of the claw, though I should expect in such a case that the ridges 
between the phalanges would be levelled down. But from specimens in the Cabinet of 
Amblonyx giganteus, I feel sure that the phalangeal impressions are of the natural size, 
and yet the claws on these specimens are broader and blunter than in any others. It is 
hardly credible that the imprint of the claw should be enlarged in the manner suggested, 
while that of the phalanges was unaffected. I therefore introduce the genus Amblonyx, 
with two species ; not, however, without many doubts whether they may not be identified 
with Brontozoum tuberatum and exscrtum, though differing in other respects besides the 
claw. 
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Species 1. Amm.onyx giganteus. (Nov. Sp.) 

[In the Cabinet, \, y.] 

Divarication of the lateral toes, 30° ; of the inner and middle toe, 12°; of the middle 
and outer toe, 18°. Length of the inner toe, 6 inches; of the middle toe, 7.5 inches; of 
the outer toe, 9 inches. Distance between the tips of the lateral toes, 7.3 inches ; between 
the inner and middle toes, 5 inches ; between the middle and outer toes, 5 inches. Pro- 
jection of the middle toe beyond the lateral ones, 3.2 inches. Length of the first phalanx 
of the inner toe, 2.3 inches ; breadth of do., 2.8 iuches ; of the second do., 2.G inches ; 
breadth of do., 2.4 inches ; of the first phalanx of the middle toe, 2 inches ; breadth of 
do., 2.2 inches; of the second phalanx, 2.3 inches; breadth of do., 2.4 inches; of the 
third phalanx, 2.3 inches ; breadth of do., 2.3 inches ; of the first phalanx of the outer 
toe, 2.4 inches; breadth of do., 2.6 inches; of the second phalanx, 1.9 inch; breadth of 
do., 2.2 inches; of the third phalanx, 1.4 inch; breadth of do., 2.2 inches; of the fourth 
phalanx, 2 inches; breadth of do., 2.1 inches. Length of the claw of the inner toe, 1.4 
inch; breadth of do., 0.9 inch; of the claw of the middle toe, 1.3 inch; breadth of do., 
1.4 inch; of the claw of the outer toe, 1 inch; breadth of do., 0.9 inch. Length of the 
foot, 11.25 inches; of the step, 32 inches. Angle of the axis of the inner toe with 
that of the claw (inward), 25° ; do. of the middle toe (inward), 30° ; do. of the outer toe, 
0°; do. of the axis of the foot with the median line, 0°. Width of the trackway, 12 
inches. Outline track of natural size shown on Plate XIII., fig. 1. On Plate XXXVIII., 
figs. 1 and 2, are shown several tracks of this species from an ambrotype sketch. They 
are the largest tracks shown, and are three in number. A single reduced track is shown 

on Plate LVIL, fig. 5. 

Locality. — I have met with this species only at Turner's Palls, near the house of 

Roswell Field. They were dug out by Dexteu Marsh. The counterpart of Plate 

XXXYTII., fig. I. with inic mow track of this species, is shown <>ii ilc- largest specimen 

in the Cabinet of the Boston Society of Natural History. 

Species 2. Amblomtz Lyeuaanub. 
JEthioptis LyeUianus of Fossil Footmarks. 

[Specimens in the Cabinet, Nos. \ } t, JJ, 

Divarication of the lateral toes, 20°; of the inner and middle toe, 10° ; of the middle 
and outer toe, 10° ; of the claw on the inner too and the axis of the toe (inwards), 8° ; of 
the same on the middle too, 12° inwards; of the same on the outer toe, 20° outward. 
Length of the inner toe, 4.4 inches ; of the middle toe, 5.8 inches ; of the outer toe, 5.3 
inches ; of the foot, 8.2 inches ; of the step, 30 inches. Distance from tip to tip of the 
lateral toes, 4.8 inches ; between the inner and middle toes, 3.7 inches ; between the 
middle and outer toes, 3.9 inches. Projection of the middle toe beyond the lateral ones, 
3 inches. Length of the first phalanx of the inner toe, 1.8 inch ; width of do., 1.4 inch ; 
length of the second phalanx, 1.9 inch; width of do., 1.4 inch; length of the claw, 0.9 
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inch; width of do., 0.5 inch. Length of the first phalanx of tho middle toe, 1.7 inch; 
width of do., 1.6 inch; length of the second phalanx, 1.7 inch; width of do., 1.7 inch; 
length of the third phalanx, 1.8 inch; width of do., 1.3 inch; length of the claw, 0.9 
inch; width of do., 0.6 inch. Length of first phalanx of the outer toe, 1.2 inch; width 
of do., 1.2 inch; length of second phalanx, 1.2 inch; width of do., 1.2 inch; length of 
third phalanx, 0.8 inch; width of do., 1.1 inch; length of fourth phalanx, 1.5 inch; 
width of do., 1.2 inch ; length of the claw, 0.8 inch ; width of do., 0.6 inch. Angle of 
the axis of the foot with the median line, 0° to 10°. Distance of the heel from the 
median line, one inch. "Width of the trackway, 6 inches. Outline track shown of the 
natural size on Plate XII [., fig. 2. Shown, also, on Plate XXXVIII., fig. 2, from a 
reduced sketch. 

Locality. — I have met with this track only at Turner's Falls, near Mr. Field's house 
and at the Ferry. 

Gehcs III. — GRALLATOK, (one who goes on stilts.) 

Brontozoum in part, of Fossil Footmarks of United States. 

Distinctive, characters. ' Stride long ; steps nearly on a right line ; toes slender. 

Remark. — It will he seen that in this genus I have endeavored to emhrace the more 
slender and long-legged varieties of the tridactylous, pachydactylous animals, made known 
by their footmarks. Such delicate species it seems rather improper to describe as animal 
giants ( Brontozoum ). And yet it is no easy matter to separate the Grallator from the 
Brontozoum. Length of stride and slenderness of toes in most of the species are the only 
important distinctive characters I can fix upon. 

Species 1. Grallator cursouius. (Nov. Sp.) 

[Specimens in the Cabinet, Nos. f , {, f f, y, ff, f §, V-] 

Divarication of the outer toes, 26° ; of the inner and middle toe, 13° ; of the middle 
and outer toe, 13°; of the claws and axis of the toes, on the inner and middle toes, 0° ; 
of the same on the middle toe, 15° inward; of the axis of the foot with the median 
line, 0°. Distance of the axis of the foot from the median line, 0. Length of the innej 
toe, 1.3 inch; of the middle, 2.2 inches; of the outer, 1.7 inch; of the foot, 2.9 inches; 
of the step, 25 inches. Distance between the tips of the lateral toes, 1.2 inch ; between 
the inner and middle toes, 1.3 inch ; between the outer and middle toe, 1.4 inch. Pro- 
jection of the middle toe beyond the others, 1.2 inch. Length of the first phalanx of the 
inner toe, 0 6 inch; width of do., 0.3 inch; length of the second phalanx of do., 0.5 inch; 
width of do., 0.25 inch ; length of the first phalanx of the middle toe, 0.7 inches; width of 
do., 0.4 inch ; length of the second phalanx of do., 0.7 inch ; width of do., 0.4 inch ; length 
of the third phalanx of do., 0.5 inch ; width of do., 0.35 inch. length of the first 
phalanx of the outer toe, 0.4 inch; width of do., 0.35 inch; length of the second phalanx 
of do., 0.3 inch ; width of do., 0.3 inch ; length of the third phalanx of the outer toe, 
0.35 inch; width of do., 0.3 inch ; length of the fourth phalanx of the same ,0.45 inch; 
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width of the same, 0.3 inch. Length of the inner and outer claws, 0.2 inch ; of the 
middle claw, 0.3 inch. Width of the trackway, 2 inches. Outline of the track, showing 
the natural size, on Plate XIII., fig. 3. It is shown, also, on one or two of the ambrotype 
sketches, and on the outline sketch, Plate XXXIII., fig. 5 ; but this species can hardly be 
distinguished from others on so .small a scale. A single track reduced of this species is 
shown on Plate LVIII., fig. 4. 

Localities. — South Hadlcy furnishes the best examples of this species, in connection 
with the Otozoum; but it occurs also at Turner's Falls, on Mr. Field's farm. 

Species 2. Grallator tenuis. (Nov. Sp.) 

[Specimens in the Cabinet, Nos. if, if, }f , if, y, if, if, 

Divarication of the lateral toes, 45° ; of the inner and middle toe, 25° ; of the middle 
and outer toe, 28° ; of the claws and axes of the toes, 0°. Of the axis of the foot with 
the median line, 0° to 5°. Distance of the middle of the heel from the median line, 0.25 
inch. Length of the inner toe, 1.1 inch; of the middle toe, 2.1 inches; of the outer toe, 
1.3 inch; of the foot, 2.7 inches; of the step, 9 inches; of the middle toe beyond the 
others, 1.5 inch. Distance between the tips of the lateral toes, 1.5 inch ; between the 
inner and middle toes, 1.7 inch ; between the middle and outer toes, 1.6 inch. Length of 
the first phalanx of the inner toe, 0.5 inch ; width of do., 0.2 inch ; length of the second 
phalanx of do., 0.4 inch; width of do., 0.2 inch; length of the first phalanx of the 
middle toe, 0.3 inch; width of do., 0.3 inch; length of the second phalanx of do., 0.4 
inch; width of do., 0.3 inch; length of the third phalanx of do., 0.7 inch; width of do., 
0.3 inch; length of the first phalanx of the outer toe, 0.3 inch; width of do., 0.25 inch; 
length of second phalanx of the outer toe, 0.3 inch ; width of do., 0.25 inch ; length of 
the third phalanx of the outer toe, 0.2 inch ; width of do., 0.25 inch ; length of the 
fourth phalanx of the outer toe, 0.2 inch; width of do., 0.2 inch; length of the claws of 
the lateral toes, 0.2 inch ; of the middle toe, 0.3 inch. Width of the trackway, 2.5 inches. 

Outline of the track shown of the natural size, on Plate XIII., fig. 4. Shown, also, 
on the sketch of volume V on Plate LIU., fig. 5. 

Localities. — Turner's Falls, below the cataract and close to the trap, where it was 
discovered by Mr. Field; and at South Hadley, where it was discovered by Mr. Plinius 
Moody. 

Remark. — This species differs but little from the G. cursorius save in the much 
shorter step and greater divarication of the toes. 

Species 3. Grallator gracillimis. 
Ornitkoidichnites gracillimus. — American Journal of Science, Vol. XLV1I., Plate 3, fig. 4. 

[Specimens in the Cabinet, Nos. {$, if, {}, f, if, if, f, >f, J}, fg, jjj, )J, f f] 

Divarication of the lateral toes, 50° ; of the inner and middle toes, 28° ; of the 
middle and outer toes, 23° ; of the claws and axis of the toes, slight, the claws turned 
inward ; of the axis of the foot with the median line, 0° to 10°. Distance of the middle 
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of the heel from th'o median line, 0.5 inch. Length of the inner toe, 1.55 inch; of the 
middle toe, 2 inches; of the outer toe, 1.8 inch; of the foot, 2.5 inches; of the step, 
7 to 8 inches; of the middle toe beyond the others, 0.8 inch. Distance between the 
tips of the lateral toes, 2.1 inches; between the inner and middle toe, 1.4 inch; between 
the middle and outer toe, 1.4 inch. Length of the first phalanx of the inner toe, 0.6 inch ; 
width of do., 0.5 inch; length of the second phalanx, 0.5 inch; width of do., 0.4 inch; 
length of the inner claw, 0.3 inch ; of the first phalanx of the middle toe, 0.7 inch ; 
width of do.,- 0.5 inch; length of the second phalanx, 0.5 inch; width of do., 0.35 inch; 
length of the third phalanx, 0.4 inch ; width of do., 0.3 inch ; length of the claw, 0.4 
inch ; length of the first phalanx of the outer toe, 0.45 inch ; width of do., 0.4 inch ; 
length of the second phalanx, 0.45 ; width of do., 0.4 inch ; length of the third phalanx, 
0.35 inch; width of do., 0.3 inch; length "of the fourth phalanx, 0.3 inch; width of do., 
0.3 inch; length of the claw, 0.25 inches. Width of the trackway, 3 5 inches. 

The tracks of the natural size shown on Plate XIII., fig. 5. On Plate XXXIX., 
fig. 2, is shown an ambrotype sketch of a slab of this species, with rain drops. 

Localities. — Turner's Falls at the Ferry is the principal locality, though I have seen 
it at South Hadley and perhaps at Portland. 

Species 4. Gkallator ccxeatcs. (Nov. Sp.) 

Omithoidichnites cuneatus, Barratt, in part, perhaps. See Massachusetts Geological 
Report, p. 488. 

[Specimens in the Cabinet, Nos. \, \, f, fj, if, if, if, if, if, if, if-, >f, f, f, 'f, f, *f, f J, >f, ? 5 S -, f f , «5, *f, |J, 

¥.«.¥.¥»«.*«> VJ 

Divarication of the lateral toes, 28° to 45° ; of the inner and middle toe on a 
specimen with the smallest spread, 12° ; of the middle and outer toes, 16° ; of the claws 
of the lateral toes with the axes of the toes, 30° to 40°, outwards ; of the claw of the 
middle toe, 0° ; of the axis of the foot with the median line, 0°. Distance of the middle 
of the heel from the median line, 0.5 inch. Length of the inner toe, 2.2 to 2.4 inches ; 
of the middle toe, 3.4 to 3.7 inches; of the outer toe, 3 to 3.1 inches; of the foot, 4.9 to 
5 inches ; of the step, 22 to 24 inches ; of the middle toe beyond the lateral ones, 2 to 
2.2 inches. Distance between the tips of the lateral toes, 2.9 inches ; between the inner 
and middle toe, 2.5 to 2.7 inches ; between the middle and outer toes, 2.3 to 2.7 inches. 
Length of the first phalanx of the inner toe, 0.85 inch ; width of do., 0.6 inch ; length 
of the second phalanx of do., 0.85 inch ; width of do., 0.5 inch ; length of the claw of do., 
0.6 inch. Length of the first phalanx of the middle toe, 1.0 inch; width of do., 0.6 
inch; length of the second phalanx, 0.85 inch; width of do., 0.6 inch; length of the 
third phalanx, 0.85 inch; width of do., 0.6 inch; length of the claw, 0.7 inch; length 
of the first phalanx of the outer toe, 0.6 inch ; width of do., 0.55 inch ; length of the 
second phalanx, 0.7 inch ; width of do., 0.5 inch ; length of the third phalanx, 0.6 inch ; 
width of do., 0.5 inch; length of the fourth phalanx, 0.7 inch; width of do., 0.45 inch; 
length of the claw, 0.6 inch ; width of the trackway, 3.5 inches. 
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Track shown of the natural size on Plate XIII., fig. 6. Also on Plate XXXIX., 
fig. 1, is shown a multitude of impressions of this species. These tracks are shown also on 
fig. 3 of the same Plate ; also on Plate XLI., figs. 1 and 2, and Plate XLII., figs. 1, 
2 and 3. 

Localities. — South Hadley, north part, and Turner's Falls; a quite common species. 

This species is distinguished from Brontozoum Sillimanium by its more slender 
proportions and greater extension of the middle toe, beyond the others, as well as greater 
divarication of the lateral toes, which give it the shape of a wedge. The claws, likewise, 
are more uniformly bent outward on the lateral toes, and at a greater angle. I confess, 
however, that it is not always easy to distinguish between these several species ; or rather, 
I find specimens that are intermediate. 

Remark. — Although I had often observed the tracks of the following beautiful 
species in the Cabinet, and could not bring them within the limits of any other, it was 
not till even all the Plates of this Report had been struck off, that I made up my mind 
to describe it as a distinct species. But on taking and comparing its measurements they 
seemed to me too distinct from others to be neglected ; and therefore, by the aid of a 
wood-cut, I introduce it- 
Species 5. Grah.ator foemosis. ("Nov. Sp.) 

[In the Cabinet, Nos. \ , If, «|, f , « |5, lf t >A 

Divarication of the lateral toes, 50° to 55° ; of the middle and inner toe, 20° ; of 
the middle and outer toe, 32°. The claw of the outer toe diverges 25° from the axis of the 
toe outward ; and that of the inner toe about as much inward ; of the middle toe, also, 
about the same inward ; of the axis of the foot from the median line, 4°. . Width of the 
trackway, 6 inches. Length of the inner toe, 3.9 inches ; of the middle toe, 5 inches ; of 
the outer toe, 4.4 inches ; of the foot, 6.8 to 7.3 inches ; of the step, 27 inches ; of the 
middle toe beyond the others, 3 inches. Distance between the tips of the lateral toes, 4.4 
inches ; between the inner and middle toe, 3.3 inches ; between the middle and outer toe, 
4.1 inches. Length of the first phalanx of the inner toe, 1.1 inch; of the second, 1.2 
inch ; of the claw, 0.5 inch ; width of the phalanges of the inner toe, 0.9 inch. Length 
of the first phalanx of the second toe, 1.5 inch; of the second phalanx, 1.4 inch; of the 
third, J.5 inch ; of the claw, 0.8 inch. Width of the phalanges of the middle toe, 1.2 
inch. Length of the first phalanx of the outer toe, 1 inch ; of the second do., 0.9 inch ; 
of the third, 0.8 inch ; of the fourth, 1 inch ; of the claw, 0.6 inch. Width of the 
phalanges of the outer toe, 0.8 inch. Middle toe extends beyond the others, 3 inches. 
On some specimens the double-headed termination of the bone to which the toes are 
articulated leaves an impression on the track an inch long and about 0.8 inch wide. 

The outline of the track of this species is shown on the subjoined wood-cut, fig. 1. 
This has not on it the impression of the heel bone just mentioned, nor is it exhibited so 
distinctly upon any specimen which I am sure belongs to this species, as it is upon some 
which I have been in the habit of referring to Brontozoum Sillimanium. I have therefore 
shown it on wood-cut fig. 2. I find at least upon two tracks on the specimen from 
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which fig. 2 was copied and which came from South Hadley, (No. that there are 
three impressions as shown on the track, made not improbably by the three articulating 
surfaces of the tarso-metatarsal bone for the toes. Their position is not opposed to, but 
rather favors, such a supposition. This fact is so important that it ought to have been 
shown upon the regular Plates ; but having been accidentally omitted there, it is added 
here. Several examples of one or more impressions of these heel bones arc exhibited on 
the beautiful specimen from Middlctown, delineated on Plate LX., fig. 1. 

The tracks of this species are shown on the ambrotype sketch, Plate XXXIX., 
fig. 1 ; but on so small a scale that it will hardly be distinguished from G. cuneatus. 

Localities. — On the red shale of Wethersfield and the harder shale of Turner's Falls, 
at Lily Pond. 

Affinities of the Group. 
The alternation of right and left feet, proves the animals to have been bipeds. The 
number and position of the toes ally them to certain kinds of birds, namely, the Scansores 
and Grallatores. The first order embraces the ostrich tribe ; namely, the African Ostrich, 
the Cassowary, or New Holland Ostrich, and the Rhea, or South American Ostrich, as well 
as the extinct species of iEpiornis, Dinomis, and Palapteryx of Madagascar and New 
Zealand. It is to these fossil species that the Brontozoum and Amblonyx seem most 
nearly related. In order to show this, I give a representation, of a small size, of the foot 
of Palapteryx ingens, as figured by the late Gideon Manteix, from a very perfect 
specimen. 12 See Plate VI., fig. 3. The ungual phalanx in this specimen looks much 
like a claw, and, indeed, we can sometimes determine with difficulty where the claw ends 
and the bone begins. At any rate, when the two outer phalanges were bound together 
by ligaments and covered by integuments, they and the claw would make only two 
impressions, namely, that of a phalanx and of a claw. 

Hence the whole track of the Palapteryx would exhibit two phalanges on the inner 
toe, three on the middle and four on the outer, each terminated by a claw. And this is 
a general law as to the feet of living birds. Those which have a fourth toe inside, show 
on that too only one phalanx besides the ungual and a claw. 

Now the feet of this first Group of footmarks correspond exactly as to the phalanges 
and claws with those of living birds, as may be seen in the drawings, and in the cabinet. 
The impression is exactly such as would be made by a foot of the Palapteryx. This, as 
already shown, would not show an ungual phalanx distinct from the claw, neither do the 
fossil footmarks. Many of the fossil impressions, however, seem to me more distinct and 
rounded in the phalanges than the foot of the Palapteryx would make, when clothed with 
flesh. I have a plaster mould of the track of the Khea, or South American Ostrich, 
presented by Professor Jeffiues Wyman, and shown on Plate LV., fig. 1 ; but the phalanges 

11 A perfect specimen of the foot and tarso-inetatarsal bone may be seen in the cabinet of the Academy of Natural 
Sciences in Philadelphia: and * similar one, though deficient in three phalanges (whose places are supplied by wood,) is 
suspended from the ceiling in the Appleton lehnological Cabinet. 




tUh 1.— Oraltator forraosus. 



OF THE GROUP. 79 

lire far less distinct upon it than upon the fossil footmarks, although the claw corresponds 
almost exactly to that of Brontozouin validum. "What peculiarity there may have heen in 
the fossil animals, which has made their tracks even more distinct in this respect than those 
of living animals of similar type, I know not. But every comparative anatomist must 
regard the facts I have stated as very strong evidence that the former must have been birds. 
That. the peculiarities of those early animals were so great that the well known law, as to 
the number of phalanges, was different then from what it now is, will hardly be admitted 
by any one familiar with the laws of correlation among animals. If indeed it were certain 
that the hind foot of the Anomcepus, which we know to have been a quadruped, had the 
same number of phalanges as a bird, it would seem at first to weaken somewhat the force 
of this argument. Yet it would be more reasonable to admit my explanation of such a 
fact to be given in the next paragraph, than that this great law as to the number of 
phalanges in the feet of birds was not true in sandstone days. If it were true the con- 
viction becomes quite strong that the animals of this group were birds allied to those of 
the Dinoris and living Struthionida; or ostrich tribe. Nor, since the discovery of the 
giant extinct birds of Australia, and the admission that these fossils of the Connecticut 
Valley probably belong to the Jurassic series, will geologists be very unwilling to admit 
such a conclusion." 

In all our reasoning as to the animals of this Group and those of the Anomcepus 
from the number of phalanges, we must not forget certain facts respecting the phalanges 
of the Loricoid and Saurian lizards. If it be true that the ungual phalanx in birds, 
such as the Ostrich and Palaptcryx, is so connected with the claw, that in a track only 
the impression of a claw will be made, then we must subtract one from the number of 
phalangeal impressions which theory would lead us to suppose their toes would leave in a 
track. And such would certainly be true in such a foot as that of the Palapteryx, and 
also, I think, in all thick-toed living birds ; and such is the number in the fossil footmarks. 
Now in all the Loricoid and Saurian Lizards the number of phalanges in the four inner 
toes, is 2, 3, 4, 5 ; corresponding to the number of phalangeal impressions on the fossil 
footmarks of the second Group, if we leave out the inner toe, which is not found in the; 
latter. Suppose now, that the five hind toes of a lizard were consolidated into three ; we 
might reasonably expect that the number of phalanges in those three toes would be the 
same as in the three original middle toes: or suppose that the inner and outer toes were 
omitted, the same result would follow ; and we should have in these three remaining toes, 
the same number of phalanges as in the three outer toes of birds ; and since the fossil 
footmarks, for a reason already given, show one less than the true number of phalangeal 

M In tlie Annual of Scientific Discovery Cor 1858, p. o75, it is stated, that at a meeting of the Boston Society of Natural 
History, I represented it as " doubtful if the tracks wliich I had supposed to have been made by birds in the Connecticut 
Valley Sandstone, were really produced by birds, since one great argument, namely, that of the number of phalanges in 
the toe, is lost." In answering a playful remark of I'rof. II. L>. Rogers, at a meeting of that Society, I intended merely 
to express an apprehension that should it turn out that the Anomcepus has the same number of phalanges as birds, it might 
weaken the argument for the ornithic origin of the fossil footmarks; but never intended to say that I had given it up; and 
since I have learnt how a three-toed lizard might [ihow the same number of phalanges as a bird, I hardly feel that this 
argument is shaken at all. 1 am sorry if I was understood by the Society to give up the Jurassic birds. 
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impressions, their number, also, might correspond in the group under consideration with 
those in the three middle toes of lizards. Such a 'fact might furnish a rather strong 
presumptive argument in favor of the lizard character of the Anomcepus ; but it would 
not show that the bipedal tridactyle animals of this Group were not birds." 

It may be thought that if the law as to the number of toes on an animal may be 
changed, as we know it can be, that as to the number of phalanges may be equally variable 
But I fancy that to leave out or to add a toe, would infringe much less upon the laws of 
relation and harmony than to do the same with the phalanges.! But I submit this question 
to the comparative anatomist. 

The species of Grallator above described, I should refer to the Grallatores, on the 
ground that their slenderness of feet better compares with those of the Gralla; than with 
those of the Cursores : for though stouter, perhaps, than those of most living Gralla?, their 
size, relative to congeneric races, was not greater. Secondly, on account of their long 
stride for the most part, and near coincidence between the axis of the foot and the line of 
direction, showing great length of leg. 

It ought, moreover, to be added, that the Gralla; above all other birds, might be 
expected to frequent the muddy shores of the estuary or lake where doubtless the fossil 
footmarks were formed. We ought not to expect to find in such a place the tracks of 
many other species of birds. Hence a suspicion may arise that the species of Brontozoum 
might belong to the Gralke, though the Cursores are closely allied. 

GROUP III.— LEPTODACTYLOUS OR NARROW-TOED BIRDS. 

Remarks. — This Group embraces two sections : first, the three-toed animals ; secondly, 
the four-toed. The distinction between them would, perhaps, be sufficient to justify us in 
forming two separate groups, could we be certain from the tracks which species have only 
three toes. But large experience has satisfied me that this is a point on which we cannot 
be sure ; because the hind toe usually makes so much slighter an impression than the 
others, that it is preserved only occasionally, and sometimes we do not discover the existence 
of the inner toe for years, as has been the case with the Platypterna ingens and elcgans, to 
be described under this Group, and now first removed from the three-toed to the four-toed 
section ; and that, too, on evidence derived from a more careful cleavage of the specimens. 

14 To aliow tlio interest attached to this subject, I quote a few sentences from the most eminent of European compara- 
tive anatomists, Professor Richard Owen, of London, as given in the Proceedings of the London Geological Society for 
February 20th, 1856, p. 204. 

" Perhaps," says Owen, " no part of the progress of Paleontology, since the demise, in 1832, of the founder of that 
science, has been more striking and unexpected, than that which relates to the discovery and restoration of giant members 
of the feathored Class." 

M First indicated by the foot prints in the dfcw Red Sandstones of the Valley of the Connecticut, described by Hitch- 
cock in 1836 ; next demonstrated by the cvidenco of the bones themselves from the recent deposits in New Zealand, in 
1839 and 1843; afterwards exemplified by the great eggs and associated fragments of skeleton discovered in alluvial banks 
of streams in Madagascar, in 1851 ; the list of extinct giant birds has lately been recruited by the fossil remains of a 
species, at least as large as an ostrich, from the Eocene conglomerate at Mcudon, near Paris, which lies between the plastic 
clay and the surface of the chalk." 



ARGOZOUM. 



SI 



Indeed, I have no great confidence that all the species described below as tridaetylous, may 
not in like manner bo ere long transferred to the tetradactylous species. This is not, how- 
ever, a matter of great importance, since such a transfer would not make it necessary to 
change the name of the animal ; nor, if both sections be birds, as I shall suggest, would it 
alter their affinities essentially, but merely the number of their toes. 

Some have objected to the distinction which I have made between the pachydactylous, 
or thick-toed animals, such as wc have described, and the leptodactylous or narrow-toed, 
on the ground that the latter have all been formed from the former, by the manner in 
which the animal trod upon the mud. If its condition was such that the foot sunk deep 
as the toes were withdrawn, the mud would collapse and leave only a narrow imprint 
devoid of phalangeal impressions. I have no doubt that such has sometimes been the case, 
as is proved by specimens in the Cabinet, the most striking of which is No. ti. But in 
this case, though the lowest layer impressed is considerably broader than that two and 
a half inches above, it does not show phalanges though the claw is obvious on one 
toe at least. Yet we know that this distinction of narrow-toed and thick-toed species 
exists among living animals, and we should therefore expect it among the extinct ones. 
And, moreover, we do find both varieties on the same slab, of which Nos. |, J^, i^, £&, 
in the Cabinet, are examples. Judging from the slabs, however, I think we should 
infer a larger number of pachydactylous than leptodactylous animals to have made 
the tracks. 

I. — TRIDACTYLOUS. 
Genus I. — ARGOZOUM. (From"-^o;^5, a giant, and Z^oi-, an animal.) 

Leptodactylous, tridigitate. Toes curved, the lateral ones more or less outward ; curved 
upward, also, behind, so as to be keel-shaped. Mostly digitigrade and rarely showing a 
heel. 

Species 1. Argozoum Redfieldianum. 
Ornithoidichnites Redjieldii, American Journal of Science, Vol. XLVII., Plate 3, 
fig. 1. 

[In the Cabinet, Nos. V, V> V-l 

Divarication of the lateral toes, 75° ; of the inner and middle toe, 30°; of the middle 
and outer toe, 45° ; of the axis of the foot and the median line, 0° to 10°. Length of the 
middle toe, 12 inches; of the inner toe, 8 inches; of the outer toe, 9.5 inches; of the 
claw, 2 inches; of the foot, 12.5 inches; of the step, 30 inches. Distance between the 
tips of the lateral toes, 12 inches; between the inner and middle toe, 7.8 inches; between 
the middle and outer toe, 9 inches. Projection of the middle toe beyond the other, 6 
inches. Versed sine of the inward curvature of the middle toe, 0.7 inch. Fossil coprolite, 
1.75 inch long, one inch wide. Calcigrade, that is, the hind part of the foot, makes a 
deeper impression than the toes. Width of the trackway, 13 inches. Track shown of 
the natural size on Plate XIV., fig. 1. 
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Locality. — Chicopoo Tails is the only place where I am sure I have found the track 
of this species. The hard quartz, or slightly calcareous, gray sandstone of that place, 
directly in the bottom of the river, a little above the bridge, furnished my specimens. 

Remarks. — This is the only one of the lcptodactylous species whose track exhibits a 
claw distinguishable from the toe, and the only one with which coprolites arc so associated 
as to make it almost certain they can be referred to it. Their analysis will be given in 
summing up the characters of the group. The species is dedicated to my friend, the late 
William C. Redfleld. 

Species 2. Argozoum dispaiu-digitatum. 
Ornithoidichnites macrodactylus of Massachusetts Geological Report, Plate 43, fig. 35. 
Argozoum dispari-digitatimi. Fossil Footmarks of the United States, Plate VI., fig. 2. 

[In the Cabinet, Nos. V, ¥■ \h ih ih tt> V. ib If] 
Divarication of the lateral toes, 40° to 55° ; of the inner and middle toe, 1 8° to 30° ; 
of the middle and outer toes, 20° to 25° ; of the axis of the foot with the median line, 0°. 
Length of the inner toe, 3 inches ; of the middle toe, 5 inches ; of the outer toe, 3.5 
inches; of the foot, 5.5 inches; of the step, 15 inches. Distance between the tips of the 
lateral toes, 3 inches ; between the inner and middle toe, 3 inches ; between the middle 
and outer toe, 2.75 inches. Projection of the middle toe beyond the others, 2.25 inches. 
Distance of the heel from the median line, 0.6 inch. Plantigrade. Width of the track- 
way, 4 inches. Track shown of the natural size on Plate XIV., fig. 2. 
Localities. — Wethersfield, Chicopee Falls, and Lily Pond, Gill. 

Species 3. Argozoum pari-digitatcm. 
Omithichnites minimus, American Journal of Science, Vol. XXIX., p. 325. 
Ornithichnites isodactylus. Massachusetts Geological Report, Plate 45, figs. 38, 39. 
A, •ffosoum pan-diaitatiim of Fossil Footmarks of the United States, Plate \ I., figs. 3 
and 4. 

[Nos. in the Cabinet, {, If, a A f, V, ih ?J, |J, Hi V, !§•] 

Divarication of the lateral toes, 80° to 100°; of the inner and middle toe, 40° to 
50° ; of the middle and outer toe, 40° to 50° ; of the axis of the foot with the median 
line, 0° to 30°. Distance of the centre of the heel from the median line, 0 to 1 inch. 
Length of the inner toe, 0.9 inch; of the middle toe, 1.3 inch; of the outer toe, 1 inch; 
of the foot, 1.6 inch; of the step, 6 inches ; of the middle toe beyond the others, 0.9 inch. 
Distance between the tips of the lateral toes, 1.7 inch ; between the inner and middle toes, 
1.1 inch; between the middle and outer toes, 1.4 inch. Lateral toes curved outward, 
the middle one inward. Width of the trackway, 1.7 inch. Track shown of the natural 
size, on Plate XIV., fig. 3 ; also a row of eight tracks on Plate XXXV., fig. 4 ; and 
another row on Plate XXXIX., fig. 1. 

Localities. — Gill, Horse Race and Lily Pond, and at Wethersfield. 
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Gencs II. — PLATYPTERNA. (From nWj, broad, and impm, a heel.) . 

Heel broad; foot plantigrade, and often calcigrade. Toes very narrow, and curved 
both vertically and horizontally. 

Remark. — The breadth of the heel is the most important distinction between this 
genus and the Argozoum. Yet some of the tracks when cleaved, approach so near that 
genus, as well as the Omithopus, (which has four toes,) that it would not be strange 
if future researches should unite them. But my descriptions must be founded on present 
knowledge. 

Species 1. Platypterna Deaxiana. 
Ornithoi&ichnites Deani of Massachusetts. Geological Report, Plate 42, figs. 31, 
32 ; and Plate 44, fig. 37. 

Platypterna Deaniana of Fossil Footmarks of the United States, Plate VII., fig. 1. 

[In the Cabinet, Nos. ff , ff , f $, ||, fj.] 

Divarication of the lateral toes, 60° to 70° ; of the inner and middle toe, 40° to 45° ; 
of the middle and outer toe, 25° to 30° ; of the axis of the foot with the median line, 10°. 
Length of the inner toe, 1.5 inch ; of the middle toe, 3 inches ; of the outer toe, 2 inches ; 
of the heel, 1.1 to 1.2 inch; of the foot, 4 to 4.5 inches; of the step, 9 to 12 inches; of 
the middle toe beyond the rest, 1.8 inch. Width of the heel, 0.9 inch. Distance between 
the tips of the lateral toes, 2 to 2.5 inches ; between the inner and middle toe, 2 to 2.2 
inches ; between the middle and outer toe, 2 to 2.3 inches. Versed sine of the curvature 
of the inner toe, inwards, 0.17 inch; of the middle toe, inwards, 0.12 inch; of the outer 
toe, outwards, 0.22 inch. Foot plantigrade, and often strongly calcigrade; toes somewhat 
keel-shaped, very narrow. Width of the trackway, 3 inches (1). 

Track shown of the natural size on Plate XIV., fig. 4. 

Locality. — On the fine red shale of Wethersfield Cove, where alone I have found 
this species. 

Remark. — The tracks of this species have furnished two of the best specimens I 
have ever seen, of the recession of the impressions on the successive layers of shale as 
we go upward. This will be best understood by looking at Plate VI., fig. 2. It is 
satisfactorily explained by supposing the surface on which the animal trod to have been 
inclined ; and we find accordingly, that the heel made a much deeper impression than 
the toes (calcigrade). But I have so fully treated of this point in the preliminary 
principles, that I need not here enlarge. 

This species is dedicated to the late Dr. James Deane, who first called my attention 
to the subject of footmarks, and who has subsequently investigated it with much success, 
as its Bibliography, prefixed to this Report, will show, 
n 
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Species 2. Platypteuna tenuis. 
Ornitlwidichnites tenuis. Massachusetts Geological Report, Plate 43, figs. 33, 34. 
Platypterna tenuis. Fossil Footmarks of the United States, Plate VII., figs. 2 and -3. 

[In tho Cabinet, Nos. V, ft) !|. H< Hi tt- 

Divarication of the lateral toes, 45° to 60° ; of the inner and middle toe, 20° to 
30° ; of the middle and outer toe, 25° to 30°. Length of the inner toe, 1 inch ; of the 
middle toe, 2 inches ; of the outer toe, 1.3 inch ; of the heel, so far as it reached the 
ground, 0.6 inch ; of the foot, 2.1 inches ; of the step, 7 inches. Width of the heel, 
0.6 inch. Distance between the tips of the lateral toes, 1.1 to 1.1 inch; between the 
inner and middle toe, 1.1 to 1.4 inch. Length of the middle toe beyond the others, 
0.9 to 1.1 inch. Foot plantigrade, inclining to digitigrade; toes very slender; lateral 
ones curved outwards. Width of the trackway, 2 inches (1). 

Track shown of the natural size on Plate XIV., fig. 5. An ambrotype sketch of a 
single track is also shown on Plate LVIIL, fig. 10. 

Locality. — On the red shale at Wethersfield Cove. 

Species 3. Platypterna delicatula. 
Omithoidichnites delicatulus of Massachusetts Geological Report, Plate 45, fig. 40. 
Platypterna delicatula. Fossil Footmarks of the United States, Plate VII., fig. 4. 

[In the Cabinet, {\, *\ (bis).] 

Divarication of the lateral toes, 40° ; of the inner and middle toes, 22° ; of the 
middle and outer toe, 18°. Length of the inner toe, 0.65 inch ; of the middle toe, 
1.1 inch ; of the outer toe, 0.75 inch ; of the heel, 0.4 ; breadth of the same, 0.3 inch ; 
length of the foot, 1.5 inch; of the step, 3 inches; of the middle toe beyond the rest, 
0.5 inch. Distance between the tips of the lateral toes, 0.6 inch ; between the inner 
and middle toe, 0.6 inch ; between the middle and outer toe, 0.55 inch. Foot plantigrade, 
or even calcigradc. Width of the trackway, 2 inches. 

Track shown of the natural size on Plate XIV., fig. 6. An ambrotype sketch 
of a single track is shown on Plate LVIIL, fig. 8. 

Locality. — The red shale of Wethersfield Cove. 

Species 4. PlatyPTBRNA recta. 
Harpedactylus rectus. Fossil Footmarks of the United States, Plate V., fig. 5, and 
XXIV., fig. 7. 

[In the Cabinet, 

Divarication of the lateral toes, 36°; of the inner and middle toe, 10°; of the 
middle and outer toe, 27° ; of the axis of the foot with the median line, 5° to 10° inward. 
Length of the inner toe which reached the ground as the animal walked, 2.5 inches ; do. to 
where the three toes intersect backward, 3.5 inches. Length of the middle toe impressing 
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the ground, 3.75 inches ; do. whole toe, 5 inches. Length of the outer toe impressing 
the ground, 2.5 inches; do. whole toe, 4.1 inches; of the foot impressing the ground, 
3.15 inches ; of the step, 5.5 inches ; of the middle toe beyond the rest, 1.4 inch. 
Distance between the tips of the lateral toes, 2.5 inches ; between the inner and middle 
toe, 1.6 inch; between the middle and outer toe, 2 inches; between the rows of tracks 
made by the right and left foot, 3.5 inches ; hence the distance of each row from the 
median line, 1.75 inch. 

Foot digitigrade, its width behind where the toes ceased to make an impression in 
walking, 2 inches Toes very straight and narrow. Width of the trackway, 5.5 inches. 

Track shown of the natural size on Plate XIV., fig. 7. Also the whole row on the 
only slab in the Cabinet, on Plate XLVIL, fig. 3. 

Locality. — Turner's Falls, at the ferry, on the Gill shore, on fine gray micaceous 
sandstone, dipping south-easterly at an angle of 40°. 

Remarks. — I am of opinion that this species of animal must have belonged to a 
different genus from the other species of Platyptcma. Had the whole foot and heel 
made an impression, it would probably have been easy to make out distinctive genuine 
characters. But the only tracks which we possess might have been a digitigrade imprint 
of a species of Platyptcma. Yet the unexampled shortness of the step for so large a 
foot, and the great width between the rows of tracks, give us an idea of a thick, short- 
legged, clumsy animal, different from the slenderer and perhaps elegant forms of the 
other species of Platypterna. I think it best, however, to leave this species provisionally 
in that genus. 

Species 5. Platypterna varica. 
Harpedactylus concameratus of Footmarks of the United States, Plate XIV., fig. 3. 
[In the Cabinet, No*. if, l+, If-, Y> V. V. H> !i tt< I Y> If] 

Divarication of the lateral toes, 75° ; of the inner and middle toe, 23° ; of the middle 
and outer toe, 52° ; of the axis of the foot from the median line, the foot turning inward, 
20°. Distance of the middle of the heel from the median line, 5 inches. Length of the 
inner toe (measured on the chord) from the middle of the heel, 3 inches ; of the middle 
toe, 3.6 inches; of the outer toe, 2 inches; of the heel, 1.1 inch; width of do., 2 inches; 
length of the foot, 5 inches ; of the middle toe beyond the rest, 2 inches ; of the step, 8 to 
12 inches. Versed sine of curvature in the inner toe, 0.3 inch ; in the middle toe, 0.4 
inch ; in the outer toe, 0.15 inch. Distance between the tips of the lateral toes, 3.7 inches ; 
between the inner and middle toe, 1.5 inch; between the middle and outer toe, 3.3 inches. 

Foot vaulted so as to make an elevation on the reversed tracks quite prominent, and nearly 

an inch wide, between the heel and the place? where the toes reach the ground. Width of 

the trackway, 11 inches. 

Outline of a very perfect specimen of the track, shown on Plate XIV., fig. 8. A row 

of these tracks is also shown on Plate XLVIL, fig. 4. 

Remark. — This specie s is remarkable for the great width of the heel, the inward 

curvature of the toes, the vaulted character of the foot, and the width between its feet as 
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it walked ; so that the track appears like that of a goose. The specific name (varica, one 
that straddles) is derived from this last character. 

Locality. — Turners Falls, at the Ferry, discovered by Mr. Marsh. 

Species 6. Platypterna digitigrada. (Nov. Sp.) 

[In the Cabinet, No. jj, Y> V-l 

Divarication of the lateral toes, 80° ; of the inner and middle toe, 43° ; of the middle 
and outer toe, 37°. Inclination of the axis of the foot towards the median line, 10° to 
20°. Distance of the posterior extremity of that axis from the median line, 0.6 inch. 
Versed sine of curvature in the inner toe, 0.1 inch; do. in the middle toe, 0.15 inch; 
outer toe straight. Length of the inner toe, 1.2 inch; of the middle toe, 1.5 inch; of 
the outer toe, 1.2 inch; of the heel, indefinite on the track; width of the heel, 0.8 inch; 
foot strongly digitigrade. Toes thick, with claws a quarter of an inch long. Length of 
the step, 4 to 4.5 inches. Of the middle toe beyond the rest, 0.6 inch. Distance between 
the tips of the lateral toes, 1.6 inch; do. between the inner and middle toe, 1 inch; 
between the middle and outer toe, 1 inch. Width of the trackway, 3 inches. 

Outline of the track shown of the natural size, on Plate XIV., fig. 9. Also a row 
of tracks on Plate LL, fig. 2. 

Locality. — Turner's Falls, on Mr. Fifxd's farm, from whom I purchased the specimens 
in the Cabinet. 

I was at first inclined to refer this species to the P. varica ; but its smallness and 
strongly digitigrade character, with the distinctness of its claws, justify a separation. I 
should not be surprised, however, if some or all of the species of Argozoum and 
Platypterna should be found to be four-toed, and possibly some of them four-footed, 
and so identical with species described under other genera ; the P. Deaniana, for instance, 
with Ornithopus gallinaceus, to be described. But till additional facts are brought to 
light, the above arrangement is the best I can make. 

Species 7. Platypterna gracili.ima. (Nov..Sp.) 

[In the Cabinet, Nos. y, V, if, ii, if, H, (?) lb if (?)•] 
Divarication of the lateral toes, 70° ; of the inner and middle toe, 20° ; of the middle 
and outer toe, 50°. Toes curved inward. Versed sine of the curvature of the middle toe, 
0.12 inch. Angle between the axis of the foot and the median line, 30°: that is, the axis 
of the foot is turned inward that amount. Length of the inner toe, 1 inch ; of the middle 
toe, 1.5 inch; of the outer toe, 1.25 inch; between the tips of the lateral toes, 1.4 inch. 
Projection of the middle toe beyond the others, 0.6 inch. Distance of the heel from the 
median line, 0.2 to 0.9 inch. Length of the step 5 to 5.5 inches. Toes narrow, generally 
sharply accumulate. Width of the trackway, 3 inches. 

An outline sketch of this species is given on Plate XIV., fig. 12. I regret that no 
ambrotype sketch was taken of the row of tracks on No. 

Locality. — On the gray shale of Turner's Falls, below the cataract, where it was dug 
out by Dexter Marsh. 
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II. — TETRADACTYLOUS. 
Qbnhs III. — ORNITHOPUS. (From ty'is, a bird, and not;, a foot.) 

Three toes pointing forward; the hind toe lying nearly on a prolongation backward 
of the outer toe and on the inside of the foot. 

Remark. — These characters would apply almost exactly to the feet of Gallinaceous 
birds, and hence the name given to the genus — meaning a bints foot. In my opinion, 
however, it is not always easy to distinguish between the feet of some lizards of oolitic 
days and those of living birds. But more of this in another place. 

Species 1. Ornithopcs gallinaceus. 

Omithoidichnites tetrada.ctylus of Massachusetts Geological Report, Plate 46, fig. 42. 

Orniihopus gallinaceus. Fossil Footmarks of the United States, Plate VIII., fig. 1. 
[In the Cabinet, Not V- tt, ft IS, Hi 11 ¥• H> H> * V. tt> ii< «• ?*• «•] 

Divarication of the lateral toes, 80° ; of the inner and middle toe, 35° ; of the middle 
and outer toe, 45°; of the middle and hind toe, 145°; of the axis of the foot and the 
median line, 0° to 5°. Length of the inner toe, 1.7 inch; of the middle toe, 3 inches; 
of the outer toe, 2 mches; of the hind toe, 1.7 inch; of the part of the heel that 
impressed the mud in walking, about an inch ; of the foot, reckoning from the end of 
the heel, 3.8 inches ; of the step, about 7 inches ; of the middle toe beyond the others, 
1.5 inch. Distance between the tips of the lateral toes, 2.7 inches ; between the inner 
and middle toe, 2 inches ; between the middle and outer toe, 2 inches ; between the 
middle and hind toe, 4.4 inches. Width of the toes from 12 to 20 inches. Foot plan- 
tigrade, and sometimes calcigrade. Lateral toes curved outward at their tips. Hind 
toe slightly curved towards the heel ; lying on a prolongation backward of the outer 
toe. Heel or tarsal bone sloping backward so as to impress the mud, 0.5 inch wide. 
Width of the trackway, 3.5 1 inches. 

Track shown of the natural size on Plate- XIV., fig. 10. An ambrotype sketch 
of a single track shown on Plate LVIIL, fig. 1. 

Localities. — On the Wcthersfield red shale, at Chicopee Falls, and the Horse Race, 
in Gill. 

Remarks. — This species bears a strong resemblance in the size and form of its track, 
as already remarked in general as to the genus, to some of the more common domestic 
gallinaceous birds. The leg bone, however, in the fossil animal, seems not to have been 
erect like that in most birds, but to have sloped backward from the foot, so as not to 
have formed a very large angle with the ground ; and herein do we see an approach to 
the structure of some reptiles, and a little farther on we shall see hpw small a change 
would be necessary in the track, to convert it into a lizard's. If the fourth toe were to 
take its rise a little farther back on the tarsus, and go off from it nearly at right angles, 
we should have a lizard's foot. Or if the fourth toe were to be obliterated, or fail to 
make an impression, we should get a track hardly distinguishable from a Platypterna. 
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Nor am I disposed to deny that such changes arc impossible among the phenomena 
of tracks. But until we can find these changes on well marked specimens, we have 
no right to presume upon their occurrence. 

Species 2. Oenithopus gracilior. 

Ornithoidichnites gracilior of Massachusetts Geological Report, Plate 46, fig. 43. 

Ornithopus gracilior of Fossil Footmarks of the United States, Plate VIII., fig. 2. 
[In the Cabinet, Nos. V- ft. ft. ft ft. ft. V 0™)- ft-] 

Divarication of the lateral toes, 90° ; of the inner and middle toe, 35° ; of the middle 
and outer toe, 57° ; of the middle and hind toe, 105°. Length of the middle too, 
1.1 inch; of the outer toe, 1.2 inch. Hind toe articulated high upon the tarsus, so 
that only 0.4 inch impresses the ground ; its whole length being at least 0.9 inch. 
Middle toe keel-shaped.. Toes nearly straight. Length of the foot, exclusive of the 
hind toe, 1.6 inch; of the step, 6 inches; of the middle toe beyond the rest, 0.75 inch. 
Distance between the tips of the lateral toes, 1.8 inch; between the inner and middle 
toe, I inch; between the middle and outer toe, 1.2 inch; between the middle and hind 
toe, 2 inches. Width of the toes, 0.12 to 2 inches. Width of the trackway, 4.5 inches. 
Track shown of the natural size on Plate XIV., fig. 11. An ambrotype sketch of a 
single track is also shown on Plate LVIIL, fig. 7. 

Locality. — Red shale of Wethersfield. 

Remark, — Here again wc have a remarkable resemblance in the track of this 
species to that of the common domestic hen, especially in the hind toe, which in that bird 
often shows only its extremity upon the mud or snow. But I have only a few good 
specimens, and, therefore, would be cautious in drawing conclusions from them. Would 
that I could have explored more thoroughly that remarkable locality of footmarks at the 
Cove in Wethersfield ! 

Genus IV, — TRIDENTIPES, (From tridens, a trident, and pes, a foot/) 

Ornithichnitis. American Journal of Science, Vol. XXIX., p. 319. 

Ornithoidichnites. Massachusetts Geological Report, Plato 40, fig. 27. 

Steropezoum. Fossil Footmarks of United States, Plate V., fig. 1. 

Three toes directed forward, more or less keel-shaped. Fourth toe inside, nearly on a 
prolongation backward of the outer toe. Heel stout: the leg sloping upward back of the 
toes at a very small angle ; leaving ridges and furrows often upon the mud towards its 
posterior part, as if made by stiff hairs or feathers. 

Remarks. — This genus I have until recently described as having but three toes, under 
the name of Steropezoum. But a fourth toe has been found in all the species, mainly by 
a careful cleaving of the specimens. It differs from the Ornithopus chiefly by the more 
striking development of its heel in the track. This fact shows that the long tarsal bone, 
(or if a bird, the tarso-metatarsal,) lay almost flat upon the ground when the animal 
walked, as is the case with some lizards, batrachians, and a few birds. I have been in much 
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doubt, however, whether T ought to separate this genus from the Omithopus. I do it on 
the ground that not unlikely the former may prove to have been lizards. I give up the 
name Stcropezoum, because, although it be very appropriate to call the first species an 
animal giant, the third is too small for such a designation. But trident-footed is appropriate 
for them all. 

Species 1. Tridentipes ingens. 
Ornithichnites ingens. American Journal of Science, Vol. XXIX, p. 319. 
Ornithoidichnites ingens. Massachusetts Geological Report, Plate 40, fig. 27. 
Steropezoum ingens. Fossil Footmarks of the United States, Plate V., fig. 1. 

[In the Cabinet, Nos. ft, >f, \h ¥> 1M 

Divarication of the lateral front toes, 107° ; of the inner front and middle toe, 50° ; 
of the middle and outer toe, 58° ; of the hind and middle toe, 130°. Length of the hind 
toe, 5 inches ; of the inner front toe, 8 inches ; of the middle toe, 9.5 inches ; of the outer 
toe, 5.7 inches ; of the heel where it reaches the ground, 9 inches ; width of do., 3 inches ; 
length of the foot, 18 to 25 (!) inches; of the step, 40 to 72 inches; of the middle toe 
beyond the lateral ones, 5.5 inches. Distance between the tips of the lateral toes, 11.3 
inches ; between the inner front and middle toe, 7 inches ; between the middle and outer 
toe, 7.3 inches; between the hind and middle toe, 16.5 inches; versed sine of inward cur- 
vature in the middle toe, 0.3 to 0.7 inch ; do. of the outer toe inward, 0.3 to 0.5 inch. 
Width of the toes, from 0.4 to 1.1 inch. Foot plantigrade; toes somewhat keel-shaped, 
so as to leave an arch between the toes and the heel ; that is, the heel and the middle of 
the toes sink deepest into the mud, which is crowded upwards in the space between them, 
Rugosities or ridges beneath the posterior part of the heel, on the track, somewhat radiating, 
occasioned probably by the adhesion of the mud to the heel, as the animal lifted its foot. 
Track shown of the natural size on Plate XV., fig. 1. 

Localities. — I first found the tracks of this species at the Horse Race in Gill, but 
succeeded in obtaining only a single specimen, and that so imperfect that I did not discover 
a hind toe. From that I gave the figure in Fossil Footmarks of the United States, Plate 
V., fig. 1. Afterwards I found that Professor C. U. Shepard had a better specimen in his 
Cabinet at Amherst, from which the drawing in this Report was taken, and this shows a 
hind toe very distinctly ; and on a re-examination of my first specimen I can discover the 
fourth toe there also. Professor Shepard' s specimen was from Northampton, east base of 
Mount Tom. I am now inclined, also, since the discovery of the fourth toe, to refer Orni- 
thopus Adamsanus of Fossil Footmarks to this same species ; although the former is con- 
siderably smaller. This was found in Montague City, about a mile south of Turner's Falls, 
a little east of the old Canal, on the former Boston road. So that we have now three 
localities of this remarkable species, the most gigantic of all the narrow-toed species, and 
able, apparently, to compete with Brontozoum giganteum itself. 
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Species 2. Tridentipes ei.egans. 

Steropezmmi elegans. Fossil Footmarks of the United States, Plate V., fig. 2. 
Ornithichnites diversus. American Journal of Science, Vol. XXIX., fig. 22. 
Ornithoidihcnites elegans. Massachusetts Geological Report, Plate 41, fig. 28. 
[In the Cabinet, Nos. if, if, if, if, f, f, |f, f, ff, ft \\, *f, >}, }}, f, |f] 

Divarication of the lateral toes, 125° ; of the inner front and middle toe, 65° ; of the 
middle and outer toe, 60° ; of the middle and hind toe, 140°. Length of the hind toe, 
1.8 inch; of the inner front toe, 1.8 inch; of the middle toe, 2.8 inches; of the outer 
toe, 2.2 inches ; of the heel where it reaches the ground, 2.4 inches ; width of the same, 
0.5 inch; length of the foot, 5 inches; of the step, 10 to 20 inches; of the middle toe, 
beyond the others, 2 inches. Width of the toes from 0.26 to 0.42 inch. Distance between 
the tips of the lateral toes, 3.5 inches ; between the inner front and middle toe, 2.5 
inches ; between the middle and outer toe, 2.6 inches ; between the hind and middle 
toe, 5.3 inches; versed sine of the curvature inward of the middle toe, 0.2 inch. Inner 
and outer front toes slightly curved. Angle of the axis of the foot with the median 
line, 0° to 10°. Distance of the middle of the heel from the median line, 0.5 to 3.5 
inches. Width of the trackway, 7 inches. 

An outline of this track of the natural size is shown on Plate XV., fig. 2. It is 
also shown on the ambrotype sketches on Plate XLV., fig. 6, and on Plate LIL, figs. 8, 
9, 10 and 11. 

Localities. — This was the animal that made the track from Marsh's quarry in the 
south-west part of Montague, which first arrested the attention of Dexter Marsh, as 
he was' laying it down in the side-walk in Greenfield, and which was subsequently 
purchased at my request by Dr. Deane for my cabinet. The specimen consisted of a 
slab 34 inches by 36, which was split open ; and that side which had the depressed 
tracks upon it I supposed to be the surface on which the animal trod. There the track 
was tridigitate ; nor did I discover the fourth toe till recently, when suspending the 
specimens in a frame, I cleaved off some of the surface, and found that the tracks which 
I had described were an inch at least below where the animal trod. The specimen now 
forms what I call the Great Folio, of four pages, all of which are shown on Plate LIL ; 
the two first pages on figs. 11 and 10, and the two second on figs. 9 and 8. The volume 
finely illustrates the subject of tracks. 

Another locality is on the banks of Connecticut River in the north part of Montague ; 
another, two miles south of Turner's Falls ; another at the Horse Race in Gill. 

Species 3. Trident-ipes eleuantior. (Nov. Sp.) 

[In the Cabinet, Nos. V, V. V. ?3> V. If] 

Divarication of the lateral toes, 75° ; of the inner and middle toe, 32° ; of the 
middle and outer toe, 44° ; of the middle and hind toe, 140° ; of the axis of the foot 
with the line of direction, 0° to 10°. Length of the inner toe, 0.6 inch ; of the middle 
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toe, 1 inch ; of the outer too, 0.9 inch ; of the hind toe, 0.4 inch ; of the heel, 0.7 inch ; 
of the foot, 1.8 inch; of the step, 5.3 inches ; width of the toes from 0.14 to 0.25 inch. 
Distance between the tips of the lateral toes, 1.1 inch; of the inner and middle toes, 
0.8 inch ; of the middle and outer toe, 0.9 inch. Projection of the middle toe beyond 
the others, 0.6 inch. Width of the trackway, 1.75 inch. 

An outline of this track of natural size is given on Plate XV., fig. 3. Plate XLV., 
fig. 1, also shows a case quite unusual among fossil footmarks where the animal turned 
completely about on a very short curve. This fact forms the foundation of a moral 
conclusion of much interest which I shall notice in the conclusion. 

Remarks. — This species is not, as may be supposed, identical with the Steropezoum 
elegantior of the Fossil Footmarks of the United States. I have not been able to discover 
a fourth toe upon this latter, and as it differs but little, except in size, from Tridentipes 
elegans, I drop it out as a species ; although by so doing I leave some specimens in the 
Cabinet which I cannot name. 

Species 4. Tridentipes insignis. 
Ornithoidichnites divaricatus of Massachusetts Report, Plate 44, fig. 36. 
Ornithopus loripes of Fossil Footmarks of United States, Plate VIII., fig. 3. 

[In the Cabinet, Nos. \, AO 

Divarication of the lateral toe, 95° ; of the inner and middle toe, 45° ; of the middle 
and outer toe, 50° ; of the hind and middle toe, 100°. Length of the inner front toe, 
4.3 inches; of the middle toe, 5.3 inches; of the outer toe, 4.3 inches; of the inner toe, 
3.2 inches; of the foot, 6 to 7 inches; of the part of the heel making an impression in 
walking, 1 to 2 inches; width of the same, 1.5 inch; length of the step, 16 to 23 inches; 
of the middle toe beyond the rest, 2.5 inches ; width of the toes from 0.5 to 0.7 inch. 
Distance between the tips of the lateral front toes, 6.3 inches ; between the middle and 
inner front toe, 4 inches ; between the middle and outer toe, 4 inches ; between the 
middle and hind toe, 6.8 inches. Versed sine of curvature of the hind toe, 0.2 inch ; 
of the inner front toe, 0.4 inch ; of the middle toe, 0.6 inch ; of the outer toe, 0.2 inch. 
Angle between the axis of the foot and the median line, 10°, inwards. Distance of the 
middle of the heel from the line of direction, 3 inches. Width of the trackway, 12.5 
inches. Outline of the track of natural size shown on Plate XV., fig. 4. Rows of this 
track are also shown on Plate XLV., fig. 3, and Plate XLVIL, fig. 2. 

Localities. — South-west part of Montague; Horse Race, Gill; Northampton; 
Chicopee ; Wethersfield, Connecticut. 

Species 5. Tridentipes uncus. (Nov. Sp.) 

[In the Cabinet, Noa. }, ft, V, V- V. ¥• V. V. V. V. VI 
Divarication of the lateral front toes, 90° ; of the inner front and the middle toe, 48° ; 
of the middle and outer toes, 44° ; of the middle and hind toe, 70°. Length o'f the middle 
toe, 2.2 inches ; of the inner front toe, 1.7 inch ; of the outer do., 1.4 inch ; of the hind toe, 
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1.1 inch; of the heel, 1.1 inch; width of do., 0.9 inch. Length of the foot, 3.2 inches; 
of the step, 4.5 to 5 inches ; of the middle toe heyond the rest, 1 inch. Distance between 
the tips of the lateral front toes, 2.2 inches; between the middle and inner toe, 1.4 inch; 
between the middle and outer toe, 1.6 inch ; between the middle and hind toe, 2.3 inches. 
Versed sine of curvature in the hind toe, 0.1 inch ; in the inner front toe, 0.15 inch ; of 
the middle toe, 0.2 inch ; of the outer toe, 0.1 inch. Angle between the axis of the foot 
and the median line, the foot turned inward, 5° to 20°. Distance between the middle of 
the heel and the median line, 1.5 inch. Width of the trackway, 10 inches. 

Outline of the track shown of the natural size on Plate XV., fig. 5. A row of these 
tracks is shown also on Plate XLVL, fig. 1. 

Locality. — Turner's Falls, Lily Pond Quarry. 

Affinities of the Group. 

Living biped animals with tridactylous or tetradactylous feet are birds, with only one 
or two unimportant exceptions in the Batrachian class. The same characters in the 
preceding group afford a presumption that the animals which made these tracks were also 
birds. The position of the hind toe, likewise, in the second sub-group, corresponds to that 
of many four-toed birds ; especially where, as in Ornithopus gracilior, the hind toe is 
inserted so high on the tarsus that its extremity only reached the ground, giving the track 
precisely the appearance of that of the common dunghill fowl. 

Another fact corroborative of the conclusion that at least some of the animals of this 
group were birds, has been ingeniously applied by Dr. Samuel L. Dana, of Lowell. He 
has carefully analyzed the coprolites found in connection with the tracks of Argozoum 
Redfieldianum, and detected in them about one-half of one per cent, of uric acid. The 
whole analysis stands as follows. (See American Journal of Science, Vol. 48, p. 46.) 



Water, organic matter, urate, and volatile salts of ammonia, ..... 10.30 

Chloride of Sodium, ............. .51 

Sulphates of Lime and Magnesia, 1.75 

Phosphate of Lime and Magnesia, 39.00 

Carbonate of Lime, 34.77 

Silicates, 13.07 



100. 



By subsequent analysis Dr. Dana ascertained that the amount of uric acid was about 
one-half of one per cent. ; and after going into an extended comparison and course of 
reasoning, showing that this could not be the coprolite of reptiles or carnivorous birds, he 
says, " the conclusion seems inevitable, that it has been dropped by a bird belonging to the 
class which has deposited the beds of guano," that is, by omnivorous birds. 

On the other hand, however, some circumstances create a doubt whether the tracks of 
this group are those of birds at all. One is, as I shall attempt to show, that we find among 
the tracks to be described, some that are undoubtedly quadrupedal and yet are tridactyle ; 
their quadrupedal character being determined chiefly by the position of the feet as the 
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animal walked ; namely, two tracks (of unequal size, however) coming close together 
with a wide interval to the next two. Viewed apart, each of these tracks would be, 
mistaken for some of the tridactyle impressions described under the last group ; and the 
inquiry cannot but arise, whether one of the feet of these animals may not have failed 
to make an impression, or its track may not yet be discovered. 

Another suspicion of the like kind may be awakened by the lizard-like aspect as 
to the feet, of some of the four-toed tracks above described; especially those of the 
Tridentipes. I refer particularly to the curvature of their toes, which is certainly more 
common in lizards and chelonians than in birds. 

Such suggestions, however, can hardly outweigh the positive arguments in favor 
of the ornithic type of most of this group. Even if some of them should turn out to 
be quadrupeds, as is not improbable, we ought not to allow such a possibility to transfer 
the whole sixteen from bipeds to quadrupeds; or even any of them, without further 
proof. 

GROUP IV. — ORNITHOID LIZARDS OR BATRACHIANS. 

Remarks. — I have found it an extremely difficult matter to distinguish by their tracks 
between the Batrachian Tritons and Salamanders on the one hand, and some Lizards on the 
other. These families were formerly united and are now distinguished chiefly by the smooth 
skin of the former and the scaly skin of the latter. Most of the lizards have, indeed, five 
toes, both behind and before, — excepting the crocodile tribe; whereas the Salamanders 
have only four toes in front. But in small tracks,' so minute are some of the toes that they 
are often overlooked or not present in the track, and, therefore, I dare not take this 
character as a criterion. In these circumstances I have brought together certain species 
under a name which embraces both these tribes, and yet they have marked, ornithoid 
characters. Some of this Group appear to me to have been perhaps more peculiar in their 
characters than any others whose tracks arc in our cabinets ; and some of them have been, 
till this time, unhesitatingly referred to birds ; and indeed the ornithic type is strongly 
marked ; hut other characters bring them into the lizard or batrachian family. But I will 
give details. 

Genus I. — GIGANTITHUIUUM, (ylyas, a giant, and 0>je<°", a wild beast.) 
Three thick toes pointing forward ; a fourth, short and rather narrow, coming out 
near the posterior end of the inner too, and curved outward. Toes with claws. Tracks 
arranged nearly on a right line, ornithoid. Tail dragging behind, and passing through the 
middle of the tracks. Animal bipedal. 

Species 1. Gigantitherium caudatum. 
Gigandipus cavdatus, American Journal of Science, Vol. 21, New Series, p. 96. 

[In the Cabinet, No*. ^, if.] 
Divarication of the lateral toes, 53° ; of the inner and middle toe, 22° ; of the middle 
and outer toe, 30° ; of the middle and hind toe, 120°. length of the foot from the tip of 
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the middle toe to the end of the heel, or inner toe, 17.5 inches ; of the inner toe, 13.5 inches ; 
of the outer toe, 13 inches ; of the hind toe, 3.3 inches ; of the step, 3.9 inches. Thickness 
of the inner toe, 3 inches ; of the middle toe, 3 inches ; of the outer toe, 3.5 inches ; of 
the hind toe, 0.7 inch. Claws at least an inch long, probably more ; accumulate. Inner 
toe extending backward farther than the outer one. Distance from tip to tip of the front 
lateral toes, 1 1.5 inches ; between the inner and middle toe, 6.6 inches ; between the middle 
and outer toe, 7.5 inches; between the middle and hind toe, 17.25 inches. Middle toe 
prolonged beyond the others, 4.3 inches. Axis of the foot coincident with the line of 
direction. Tracks rarely out of a right line. Eight and left foot in the tracks distinguish- 
able by the position of the inner or hind toe, which points inward alternately from the 
right and left side of the tracks. Versed sine of the curvature of the hind toe, 0.4 inch. 
The trace of a long tail in the line of the tracks is very manifest, passing across the middle 
of the tracks, except where the animal changed its course. . Width of the trace, from a 
quarter to half an inch, with a somewhat feathery appearance on each side, such as is 
exhibited by the slight ripple in water, when a stick is drawn rapidly through it. Tracks 
ornithoid; tail reptilian. Width of the trackway, 12 inches. 

Outline of the foot shown of the natural size, on Plate XVI., fig. 1. Fig. 2 shows 
the tail swinging to the right and the left. An ambrotype sketch of the best slab in the 
Cabinet is shown on Plate XLIV, fig. 4. The three first tracks on this figure are in a 
right line ; at the fourth step, the animal veered a little to the right, which caused the tail 
to curve in the same direction. 

It has been suggested that this trace upon the stone was made by the animal's toe, 
rather than by a tail. But in that case it would not be so continuous, and could be traced 
to the toe that made it, as other examples to be described prove. Nor in that case would it 
it ever leave any impression on the track, as is sometimes faintly seen in the Gigantitherium. 

Plate XVI., fig. 2, is a sketch by IIoswell Field, not intended to be perfectly accurate, 
of a row of tracks of this animal, with a tail-trace sweeping to the right and left. The 
specimen was unfortunately destroyed ; but I saw a part of it with the tail-trace that 
corresponded to this figure. Such a serpentine trackway I suppose to be the result of an 
animal's taking unusually long strides, and it is conclusive proof that the trace was made 
by a tail instead of a foot. 

When I first found the tracks of this animal I called it Gigandipus, or the Giant-footed 
biped, because I had no evidence that it had more than two feet. Nor have any more been 
discovered ; but in so many instances I have found that a supposed biped turned out to be 
a quadruped, that I judged it best to change the name, and call it Gigantitherium ; which 
means a giant animal merely ; so that if it turns out to be a quadruped, the name may 
still be good and not teach an error, as Gigandipus would. 

The nearly rectilinear succession of the tracks of this animal is a remarkable fact 
whether it be biped or quadruped. For it affords strong evidence that it had long legs 
No living animal of this size, if indeed there are any living ones with feet so large, — moves 
so nearly in a right line, unless it bo the large grallre, or wading birds. And when I first 
glanced at the tracks, I thought only of a bird's foot. But when I saw the tail-track, my 
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imagination was filled at once with a gigantic biped lizard, or batrachian. But if such was 
its nature, how high must it have been stilted up ! How unlike existing nature ! And 
whatever we imagine its nature to have been, we cannot but be satisfied that its type 
differed much from that of living animals. 

Locality. — The tracks of this as well as of the next species, was discovered by 
Roswell Field at the Lily Pond on his farm. The specimen figured on Plate XLI V., fig. 
4, is undoubtedly the best yet found. But others were obtained ; two of which are in the 
Ichnological Cabinet ; (see Plate XLIV., fig. 6, for one of them,) and two others were sent 
to Dr. John C. Warren, and are now deposited by his sons in the fire-proof Mastodon 
Cabinet erected by their father in Boston, along with many other fine specimens of foot- 
marks and splendid fossils, the whole forming one of the most magnificent private cabinets 
in the country, or in the world. 

Mr. Field, who disinterred all the specimens of the tracks of Gigantitherium yet 
found, is confident that no marks of the fore feet existed ; and from his great skill and 
caution in such manipulations, I cannot believe they would have escaped his notice. At 
present, therefore, we must go on the supposition that the animal was a biped. Yet it 
would not be strange if the fore feet should be hereafter brought to light. 

Species 2. Gigantitherium minus. (Nov. Sp.) 

[In the Cabinet, Nos. \, S^, ^, If] 

Tridactylous ; divarication of the lateral toes, 43° ; of the inner and middle toe, 30° ; 
of the middle and outer toe, 12°. Length of the inner toe, including probably a tarsal 
bone 1.3 inch long, which impresses the mud, 5.8 inches; of the middle toe, 5.4 inches; 
of the outer toe, 5.1 inches; of the foot, 8 inches; of the step 26 to 34 inches. Width 
of the inner toe, 0.9 inch ; of the middle toe, 1.3 inch; of the outer toe, 1.3 inch. Length 
of the first phalanx of the middle toe, 1.3 inch; of the second, 1.25 inch; of the third, 
1.9 inch ; of the claw and perhaps ungual phalanx, 0.8 inch ; of the first phalanx of 
the outer toe, 1.4 inch; of the second, 1.5 inch; of the third, 1.3 inch; of the claw and 
ungual phalanx, 1 inch ; of the phalanges of the inner toe, unknown ; of the tarsal 
bone(?) which impresses the ground, 1.3 inch, and is narrower than the toe; nor does it 
make so deep an impression ; for both which reasons it is judged to be a tarsal bone. 
Distance between the tips of the lateral toes, 5.8 inches; between the inner and middle 
toe, 4.7 inches ; between the middle and outer toe, 3.3 inches. Projection of the middle 
toe beyond the others, 2.7 inches. Width of the trackway, 6.5 inches. 

Tail making a distinct trackway along the animal's course, 0.15 inch wide. 

Outline of the track of natural size shown on Plate XVII., fig. 1. Several tracks 
of this species, with the marks of the tail, are shown on Plates XLI., fig. 2, and XLII., 
fig. 2, as taken by an ambrotype sketch. 

Locality. — Lily Pond, on Mr. Field's farm, with the G. caudatum. 

Remarks. — I bring this track into the genus Gigantitherium, although I have as 
yet found but three toes ; for it obviously belongs to the same type, which is more easily 
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recognized by the eye than by description. Perhaps the extension backward of the 
inner toe beyond the outer one, and the consequent greater length of the inner one, is 
the most striking peculiarity ; for I have never before met with a tridactylous pachydac- 
tylous track, whose inner is longer than the outer toe. As this species, however, has no 
hind toe, I could not determine which is the inner toe, did I not take the G. caudatum 
as a guide; for the fourth toe in that species comes out from the longest toe, and I 
cannot believe, contrary to all analogy living and fossil, I think, that a fourth toe like 
this proceeds from the outward toe. And, moreover, noticing especially in the G. minus 
that an impression appears on the longest toe about equal in length to a phalanx at its 
posterior extremity, and makes not so deep or wide an impression as the main body of 
the toe, though it curves a little outward beyond the exterior line of the toe, I infer that 
here some of the tarsal bones reached the ground, and should not be reckoned in estimating 
the length of the toe. Making this deduction as accurately as I have been able to 
determine the point, and it leaves the inner toe about as much shorter than the outer 
one as is usual in the thick-toed tracks that have been described. I, therefore, regard 
what seems to be the longest toe in G. minus as the inner one, as we know it to be 
in G. caudatum. 

Nor do I regard the absence of a fourth toe in the G. minus a sufficient reason for 
excluding it from this genus. For much experience has shown that this toe so often 
failed to make an impression in walking, that many well-marked tracks often appear 
without it. The next species to be described presents us with several long rows of deep 
and distinct tracks, and yet on only one or two broken fragments is a hind toe visible. 

But though the hind toe be wanting in the G. minus, the claws and some of the 
phalanges arc much better developed than in G. caudatum. But their occurrence in the 
former makes their existence in the latter highly probable. I regret that as yet I am 
unable to make out the number of the phalanges in the inner toe. If they are three, as 
they appear to be in the other toes, the question would press strongly upon us, whether 
these remarkable animals were not mammiferous; since the phalanges in all their toes 
are three. And such a suggestion would be strengthened by the length of their legs ; 
for the G . minus appears to have moved nearly in a line, as well as the other species ; 
and this could not be without long legs. 

The question may be raised whether the G. minus is not a young G. caudatum. 
This is quite possible, as the general form of the tracks is the same. But the G. minus 
appears to me to bo more slender and delicate, and could hardly become the G. caudatum 
by growth. Then, if identical, I cannot see why a fourth toe is not found in the former, 
while it occurs in nearly every track of the latter, which I have seen. Moreover, if 
identical, we ought to find tracks of various intermediate sizes, which as yet has not been 
done ; so that with our present knowledge, I feel justified in making two distinct species 
of this genus. 
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Genus II. — HYPHBPTJ8. ( Yyi, a web, and notf, a foot ; the web-footed animal.) 

Tetradactylous ; three toes pointing forward. Space between the toes filled up and 
scalloped in front between the tips, as if a membrane had impressed the mud in the form 
of a web. Caudate, bipedal, track ornithoid. 

Species I. Hyphepus Fieldi. (Nov. Sp.) 
[In the Cabinet, Nos. J, if, y, |g (bi s ), {5, 2^., JJ.] 

Three toes pointing forward ; divarication of the lateral front toes, 50° ; of the inner 
and middle toe, 23° ; of the middle and outer toe, 28° ; of the middle and hind toe, 
152°. Lateral toes rounded and rarely showing a claw, as if the web reached their 
extremities ; middle toe attenuated near its extremity, but rarely showing a claw. Tail 
generally passing so directly through the tracks as to destroy the marks of a claw on the 
middle toe. Length of the inner toe, 3 inches ; of the middle toe and the foot, 5 inches ; 
of the outer toe, 2.9 inches ; of the hind toe, 1 inch ; of the step, 6 inches. Between 
the tips of the lateral toes, 2.8 inches ; between the inner and middle toe, 2.3 inches ; 
between the middle and outer toe, 2.5 inches; between the middle and hind toe, 5.2 
inches. Middle toe projecting beyond the rest, 2 inches ; hind toe curved very much 
backward. Versed sine of curvature, 0.25 inch. Width of tail furrow, 0.15 inch. No 
phalanges visible. Web extending apparently over the whole foot. Axis of the foot 
turned inwards towards the median line, about 5° ; heel distant from that line, 1 to 1.5 
inch. Width of the trackway, 5.3 inches. 

Outline of the track and tail furrow of the natural size, shown on Plate XVII., fig. 2. 
A long row of these tracks is also given on Plate XXXV., fig. 11, separated from the other 
tracks on the same slab. This row was taken from the slab sketched on Plate XLL, 
fig. 2. A track is also exhibited on Plate XLIL, fig. 2 ; from all of which I hope a good 
idea of it may be obtained. 

Locality. — Lily Pond, Gill. 

Remarks. — The tracks of this species occur on the same surface as those of the 
Gigantitherium, and their general form, with the crooked hind toe, closely resembles those 
of this genus. It is chiefly because the evidence of a web is so marked, while it is entirely 
wanting in the Gigantitherium, that I have placed this species under Hyphepus. Yet I am 
not without some apprehension, from what I have seen in some other tracks, that no web 
existed. But upon the whole, I leave it under this genus. As Mr. Field not only discov- 
ered the track, but pointed out the web, I have attached his name to it as the discoverer. 
If the web should be proved not to exist, then it will fall in as a third species of Giganti- 
therium, with the same specific name. In all the specimens in the Cabinet, which are 
numerous, and fine, I have seen no mark of a forward foot. Here then we have three 
species, which, with our present knowledge, must be regarded as bipedal lizards, or 
batrachians. The tail effectually cuts off the idea of their having been birds ; and yet the 
shape of the foot is strongly ornithoid ; and so is the mode of progression. I must believe 
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that these animals combined characters now found distributed among birds, lizards, 
batrachians, and perhaps mammalia. 

Genus III. — CORVIPES. (Corvus, a crow, and pes, a foot, from the resemblance of the tracks to that 

of a crow.) 

Quadrupedal ; hind foot tridactylous, (tetradactylous unguiculate, ornithoid. Fore 
feet peutcdactylous, toes curved, lacertiloid. Toes on both feet curved towards the median 
line. 

Species 1. Corvites lacertoideus. (Nov. Sp.) 
[In the Cabinet, Nos. V, ^, «f\ {f |fc If, |f |J, ft ft |f, ft ft] 

iTmiZ Foo?. — Divarication of the lateral front toes, 75° ; of the inner and middle toe, 
40° ; of the middle and outer toes, 35°. Angle (inward) between the axis of the foot and 
the median line, 0 to 10°. Versed sine of the inward curvature of the middle toe, 0.2 
inch. Length of the inner toe, 1.7 inch ; of the outer toe, the same ; of the middle toe, 
1.7 inch ; of the claw, 0.2 inch ; of the heel, 0.9 inch ; of the foot, 2.6 inches ; of the step, 
1.7 to 2.7 inches. Distance of the middle of the heel from the line of direction, 0 to 1.5 
inch. Perhaps a very short hind too coming out of the heel just back of the roots of the 
toes ; but 1 have only one indistinct specimen that leads me to suspect it, and what I call 
the heel, may be a hind toe, as in the crow, for instance. Width of the trackway, 4.6 
inches. 

Fore Feet. — Pentedactylous ; the inner and outer toe nearly on a right line, the inner 
one pointing backward and straight, the rest curved outward. Length of the outer toe, 
from the central part of the foot, 0.6 inch ; of the second, 0.8 inch ; of the third, 0.75 
inch ; of the fourth, 0.4 inch ; of the fifth, 0.4 inch ; of the heel, 0.6 inch ; of the foot, 1.3 
inch. Axis of the foot parallel to that of the hind foot. Position of the fore foot in 
walking a little in advance of the hind foot, sometimes outside of it and sometimes inter- 
fering with it ; that is, the animal brought up its hind foot nearly into the place vacated by 
the fore foot. Track lacertiloid ; hence the specific name. 

Outline of these tracks shown of the natural size, on Plate XVII., fig. 3. A row of 
this species is also shown on Plate XLVIL, fig. 1, and another on Plate XXXV., fig. 7. 

Localities. — This track has been found only in the vicinity of Turner's Falls, at Lily- 
Pond ; also lying just above the trap below Turner's Falls, where the rock has been a good 
deal hardened by contact with the trap. This locality was discovered by Mr. Field. 

From the same spot I have specimens of the hind feet of an animal of the same genus, 
considerably larger than that just described, and which I presume to be another species. 
But as my specimens arc few I pass it unnamed. 

Gknvjs IV. — TARSODACTYLUS. (rafOOf, the tarsus, and Maniac, a toe, meaning a foot with a too 
coining out on the tarsus above the heel.) 

Quadrupedal ; hind and fore feet tetradactylous ; animal caudate, ornithoid and 
batrachoid. 
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Species 1. Tahsodactylus caudatus. (Nov. Sp.) 

[In the Cabinet, Nos. }, }{.] 

Hind Foot. — Tetradactylous, three of the toes pointing forward; pachydactylous ; 
hind toe reaching the ground only with its extremity, on the inner side of the heel, or near 
the roots of the front toes. Hence it must be inserted high up on the tarsus, as the 
generic name implies. Divarication of the front lateral toes, 42° ; of the inner and 
middle toe, 20° ; of the middle and outer toe, 22° ; of the axis of the foot with the line 
of direction, the foot turned inward sometimes as much as 20°. Distance between the 
rows of right and left tracks, 4.5 inches. Length of the inner front toe, 1.8 inch ; of the 
middle do. and the foot, 2.9 inches ; of the outer toe, 2.2 inches ; of the claw, 0.25 inch. 
From tip to tip of the lateral toes, 1.6 inch; between the inner and middle toe, 1.4 
inch ; between the middle and outer toe, the same. Projection of the middle toe beyond 1 
the rest, 1.1 inch. Length of the step by alternate hind feet, 5.5 to 7 inches; by the 
right or left feet, 13 inches. All the toes sometimes making a trail, especially the 
middle one. Track ornithoid. Width of the trackway, 7 inches. 

Fore Foot. — Pentedactylous, pachydactylous ; turned outward; generally situated 
outside of the hind foot in walking ; often in the same place. Axis of the foot turned 
outward several degrees. Divarication of the lateral toes, 95°; of the inner and middle, 
23° ; of the second and third, 20° ; of the third and fourth, 25° ; of the fourth and fifth, 
25°. Length of the outer toe from the middle of the posterior part of the foot, 0.5 
inch; of the second, 1.2 inch; of the third, 1.5 inch; of the fourth, 1.65 inch; of the 
inner or fifth, 0.25 inch. Greatest breadth of the foot, 1.8 inch. Width of the toes, 
0.4 inch. Foot lacertiloid or batrachoid. 

Trace of the tail nearly straight ; scarcely over one-tenth of an inch wide. Outline 
tracks shown of the natural size, on Plate XVII., fig. 4. Rows of the same, from a slab 
in possession of Mr. 11. Field, shown also on Plate XXXVI., fig. 2. 

Locality. — Turner's Falls; I believe Lily Pond is the only known locality. 

Remarks. — The hind foot of this species, if we leave out the hind toe, has quite an 
ornithoid aspect; but the fore foot with its five toes, brings before us a lizard or 
batrachian; and the tail confirms this supposition. The distance between the rows of 
tracks, also, looks lizard-like, or even chelonian. I think that while it has some ornithic 
affinities, it more clearly comes into the reptile class than any other species of this group. 

Some have thought that the inward curvature of ornithoid tracks is a pretty sure 
indication that the animal is a bird. Put this case disproves such an opinion. 

Genus V. — APATICHNUS, (tmaiiw, to deceive, and !>'»;, a track. The deceptive track.) 

Quadrupedal ; unequal-footed ; hind foot tetradactylous ; the three principal toes, 
which are pachydactylous and clawed, directed forward ; strongly ornithoid ; heel long ; 
tail track serpentine. Fore foot, tetradactylous (pentedactylous 1) ; three first ones curved 
outward ; heel with toe pointing backward. 

18 
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Species 1. Apatichnus cirojmagens. (Nov. Sp.) 

[In tie Cabinat, N<». i, 4, ^ y, V, V. V. ¥» V. ¥■ Hi V. H- If] 
Hifki Poo/. — Toes, four; the three front ones stout and thick, very omithoid; divari- 
cation of the outer ones, 75° ; of the inner and middle toe, 35° ; of the middle and outer 
toe, 40°; of the middle and hind toe, 110°. Length of the outer front toe, 2.1 inches; of 
the middle, 2.6 inches; of the inner front toe, 1.7 inch; of the hind toe, 1 inch; hut this 
impressed the mud only over a space of half an inch at the extremity ; of the heel, about 
2.5 inches ; of the foot, 5 inches. Length of the claw on the middle toe, 0.3 inch ; 
phalanges indistinct on the track. Distance between the tips of the lateral toes, 2.3 
inches ; between those of the inner and middle toe, 1.4 inch ; between the middle and 
outer toe, 1.7 inch; between the middle and hind toe, 3.1 inches; middle toe extending 
beyond the rest, 1.1 inch. Toes turned toward the line of direction, at an angle of 10°. 
Distance of the middle of the heel from the median line, half an inch. Length of the 
step, right and left foot, 4.3 to 7 inches ; right foot or left foot, 13 inches. Width of the 
trackway, 4.5 inches. 

Tail rather stout, and swinging to the right and left as the animal advanced, so as to 
leave a serpentine furrow, which is a quarter of an inch wide, and deviates about 2 inches 
to the right and left of a straight line. 

Fore Foot. — Tetradactylous (pentedactylous ?) ; a heel as long as the toes, running 
backward with a toe at the end, pointing rather backward, while the three other toes 
point forward and curve towards the axis of the track ; a fifth short toe obscurely visible 
on the track, on the outside and below the others. Length of the middle toe, 1 inch; 
of the heel from the same point, half an inch. 

Track shown of the natural size, with the heel shown by dotted lines, as far as I have 
been able to mark it out, on Plate XVII., fig. 5. A sketch of the upper surface of the 
same slab is also shown on Plate XXXV., fig. 6, whose object is to show the swinging of 
the tail, occasioned, as I conjecture, by the animals moving with long strides. Plate XXV., 
fig. C, shows a fine row of this species with the fore foot. Other slabs of rows of what I 
suppose to be this track are shown on Plate XLIL, figs. 1 and 2, and Plate XLVL, fig. 4. 

Locality. — The prolific one at Lily Pond, Turner's Falls; brought to light, with 
numerous other tracks, by Mr. Field. 

Remarks. — The history of this species is remarkable and instructive. For some time 
I had observed on some slabs in the Cabinet, several fine rows of tridactyle tracks, which I 
had, almost without thought, referred to birds. I at length observed a much smaller four 
or five-toed track, occasionally associated with these ; just in the place where the front foot 
of a quadruped would fall (see Plate XXV., fig. 6) ; and so commonly found there on 
inspection, that I came to the full conviction that this was a quadruped, with tridactyle 
omithoid feet behind. Put other discoveries were to come, if I have not identified dissimilar 
things. On the upper face of a slab, I found the distinct serpentine furrow of an animal's 
tail, with the indistinct traces of a large and small foot in succession, with a heel quite 
long. But on splitting off a layer scarcely half an inch thick, I found that the heel and 
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tail had disappeared ; but a quite perfect tridactylous track, and a much smaller one close 
by it, appeared immediately beneath where the imperfect track showed itself on the original 
surface. How should this be explained : for the tracks on the two surfaces were evidently 
made by the same animal, and at the same time. I make the supposition that the mud on 
which the animal trod was quite soft, which caused him to sink, say half an inch, and then 
the impression of the feet was more perfect, or rather more permanently perfect, than on 
the upper surface, and when the feet were withdrawn, the tracks at top were almost 
obliterated by the collapse of the mud, but the heel and tail, not sinking any lower, left 
more distinct marks. And I think these facts may give us important hints as to other 
cases of tracks. It may be, indeed, that I have confounded together different tracks in 
this case ; but they are too much alike to be separated. 

If then we look only at the upper surface of this specimen, (3, 1 -) we sec only evidence 
of a long heeled and tailed lizard : but the second layer, although a practiced eye would 
see on it a quadrupedal track, shows the principal one so like that of a bird, that he cannot 
but believe there was a mingling of the bird with the lizard in the animal's nature. 

Species 2. Apatichnus bellus. (Nov. Sp.) 

[In the Cabinet, Nos. f$, ff |§, ff ] 

Hind Foot. — Tetradactylous, ornithoid. Toes stout, three directed forward; divarica- 
tion of the outer ones, 60° ; of the inner and middle, 30° ; of the outer and middle, 30° ; 
of the axis of the foot with the median line, 10° to 30°. Distance of the middle of the 
heel from the median line, 1.5 to 2.5 inches. Length of the hind toe, 0.2 inch ; of the first 
front toe, 0.4 to 0.7 inch ; of the middle toe, 0.8 to 1 inch ; of the outer toe, 0.6 to 0.8 
inch ; of the middle beyond the rest, 0.3 inch ; between the tips of the lateral toes, 0.7 
inch. Length of the step, right to left foot, 3 to 4 inches ; from right to right, or left to 
left, 6.8 inches. Track plantigrade, strongly omithoid. Width of the trackway, 2.5 
inches. 

Fore Foot. — Tridactylous ; (perhaps tetradactylous,) ornithoid. Divarication of the 
outer toes, 40°. Length of the foot, about 0.5 inch. Width, the same. Axis of the foot 
nearly coincident with the lino of direction. Position of the foot slightly in advance of 
the hind foot in walking. 

An outline of the tracks of this species is given on Plate XVII., fig. 6. A row of 
the same is shown on Plate XXXV., fig. 8, taken from a slab in possession of Uoswell 
Field. An ambrotype sketch is likewise given on Plate XLV., fig. 6 of slab No. §« in 
the Cabinet, on which arc quite a number of rows of this species, along with one row of 
Tridentipes elcgans. 

Locality. — Turner's Falls, on Mr. Field's farm. 

Remarks. — I have been in doubt whether to refer this species of tracks to Apatichnus, 
or Plesiornis. But the much greater disparity between the fore and hind feet than is usual 
in the latter genus, has led me to refer it to the former. 
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Genus VI. — PLESIORNIS, («VK near, and St>rtg, a bird.) 

Tridactylous, pachydactylous, hind foot slightly the largest. Toes slightly turned 
towards the line of direction ; terminated by blunt claws, or pellets. Highly ornithoid ; 
the tracks distinguished from those of birds only by being arranged two by two along the 
median line, with a wide interval between. 

Remarks. — Almost to the present time, all ichnologists have regarded the tacks I am 
about to describe under this genus, as those of a bird. Some, indeed, suppose they can see 
the same number of phalangeal impressions from the toes, as in birds — a point about which 
I do not feel fully settled, since bird tracks closely allied have been confounded with these. 
My eyes, indeed, were partially opened as to the character of this animal, as long ago as 
1842, when I described some of these tracks and figured them in the Transactions of the 
American Association of Geologists and Naturalists, in which I said of the remarkable 
slab there figured, but now mostly lost, that " on the right hand side of the drawing two 
rows of tracks are seen almost exactly on the same line, and situated with respect to each 
other precisely like those of some quadrupeds." But I explained it, as all have, by " the 
presumption that the same animal walked twice along the same line, or that one followed 
another." As most of the fine slab figured in that work was destroyed, (see Plate XL, fig. 
4 of that work,) that explanation answered well enough, till 1 happened to stop one evening 
in the entrance hall of the Boston Society of Natural History, where the gas light showed 
the splendid fossil footmarks lining the walls, and there I saw at least two distinct cases of 
these double rows of tridactyle footmarks ; and I became satisfied that so much of system 
could not be accidental, and that the animal which made those rows must have been a 
quadruped. I could not discover a fourth toe, and yet I have not been able to study those 
slabs with the intense care requisite in some cases to detect unusual markings. I, therefore, 
give these animals as three-toed quadrupeds, both before and behind ; but it may not 
unlikely be discovered that they had at least four toes ; and yet their tracks are very deep, 
and it seems strange that such additional toes are not visible upon the Boston slabs, if the 
animals had them. But the existence of lizards among living animals with three toes on 
the fore foot, is not an unheard of thing, as Plate VI., fig. 9, showing a living lizard, 
will prove. And then the Proteus, a Batrachian, has only three toes before and two behind. 

Species 1. Pi.rsionms quadrupes. (Nov. Sp.) 

Ornithoidichnites fulicoides. Transactions of Association of Geologists and Naturalists, 
Plate XI., fig. 9, p. 258. 

JEthiojm) minor. Footmarks of the United States, Plate IV., figs. 2, 3, p. 179. 

[In the Cabinet, Nos. y, |J, {], U, > J, $J, (bis) ] 

Hind Foot. — Tridactylous, pachydactylous ; the toes terminated by blunt claws, or 
more probably pellets. Divarication of the lateral toes, 70°; of the inner and middle 
toe, 40° ; of the middle and outer toe, 30° ; axis of the foot turning towards the median 
line rarely over 5°. Length of the inner toe, 2.1 inches; of the middle toe, 2.5 inches; of 
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the outer toe, 2.3 inches; of the foot, 3.8 inches; of the step, right and left foot, 4.(> to 
6 inches; do. left or right foot in succession, 13.5 inches. Number of phalanges in the 
inner toe, 2, with a claw or pellet equal in width to a phalanx ; in the second toe, 3, and 
a pellet ; in the third, 4 (?), and a pellet. Width of the toes, half an inch, often. From 
tip to tip of the lateral toes, 3.5 inches; from the inner to the middle, 2.4 inches; from 
the middle to the outer, 2.2 inches; middle toe longer than the others in front, 1.4 inch. 
Width of the trackway, 7.5 inches. 

Fore Foot. — Divarication of the lateral toes, 66°; of the inner and middle toe, 35°; 
of the middle and outer toe, 30° ; length of the inner toe from the middle of the heel, 
2.7 inches ; of the middle toe, 3.6 inches ; of the outer toe, 2.7 inches. From tip to tip 
of the lateral toes, 3 inches ; of the inner and middle toes, 3 inches ; of the middle and 
outer toes, 2.2 inches; projection of the middle toe beyond the rest, 1.1 inch; width of 
the toes, 0.7 inch ; phalanges not ascertained. Axis of the foot parallel to that of the 
hind foot, generally. Fore foot generally a little in advance of the hind one; sometimes 
on one side, and not unfrequently the two interfere. 

An outline of these tracks is shown on Plate XVII., fig. 7. Two rows of them are 
also shown on Plate XXXV., figs. 1 and 2, copied from slabs in the Boston Society of 
Natural History. Plate XLV., fig. 5, shows a slab also from the Ichnological Cabinet 
containing several of these tracks, but not in regular order. 

locality. — This species was found by the late Dexter Marsh, at the quarry lying 
on the north side of the ferry at Turner's Falls. I think it occurs also at the Lily Pond. 
The specimens in the Boston Society of Natural History were from the Ferry. 

Species 2. Plesiounis pilui.atus. (Nov. Sp.) 

[In the Cabinet, Nos. >f , Jf , |f, ^] 

Hind Foot. — Tridactylous, leptodactylous, all the toes pointing forward. (Probably 
a short fourth toe pointing backward from the heel, as in the tetradactylous birds.) 
Divarication of the lateral toes, 70° ; of the inner and middle toe, 35° ; of the middle 
and outer toe, 35° ; length of the inner toe from the centre of the heel, 1.3 inch ; of the 
middle toe, 2.1 inches; of the outer toe, 1.5 inch; of the foot, 2.1 inches; of the step, 
right and left foot, 7.2 inches. Distance between the tips of the lateral toes, 1.5 inch; 
between the inner and middle toe, 1.1 inch; between the middle and outer toe, 1.1 inch. 
Extension of the middle toe beyond the rest, 1.1 inch. Toes narrow, scarcely more than 
the tenth of an inch in diameter, terminated by pellets of the size of small shot, and 
hence the specific name. With this exception the whole track exactly resembles that 
of a small narrow-toed bird. Width of the trackway, 2 inches. 

Fore Foot. — Tridactylous, leptodactylous; exactly resembling the hind foot, except 
that it is smaller. Divarication of the lateral toes, 70° ; of the inner and middle toe, 
40° ; of the middle and outer toe, 30°. Length of the inner toe, 0.8 inch ; of the middle 
toe, 1.4 inch ; of the outer toe, 1 inch ; of the hind toe, or heel, 0.25 inch ; of the foot, 
1.4 inch. Distance between the tips of the lateral toes, l.l inch; between the inner and 
middle toe, 1.1 inch ; between the middle and outer toe, 0.9 inch. Fore foot on the 
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tracks generally a little in advance of the hind one ; sometimes a little to the side, and 
sometimes they interfere with each other. The axes of the two feet coincide almost 
exactly with the median line, and the animal walked nearly upon a right line. 

An outline of these tracks is given of the natural size, on Plate XVII., fig. 8. A 
fine row of them is also shown on Plate XXXVI., fig. 4. 

Locality. — Discovered by Mr. Field, at the Lily Pond quarry. 

Species 3. Plesioknis .equalipes. 

Ornitkoidichnites minimus. Massachusetts Geological Report, Plate 15, fig. 41. 
Argozoum minimum. Fossil Footmarks of the United States, Plate VI., fig. 6. 

[In the Cabinet, Nos. !?* HI 

Hind and fore feet nearly but probably not exactly equal. Toes three, directed 
forward. Divarication of the lateral toes, nearly 90° ; of the inner and middle toe, 50° ; 
of the middle and outer toe, 40°. Length of the middle toe, reckoning from the point 
where the toes meet, 1 inch; of the inner toe, 0.6 inch; of the outer toe, 0.7 inch; of 
the foot, so far as it impressed the mud at all, 1.1 inch; of the step, 3.2 inches; of the 
middle toe beyond the others, 0.5 inch. Distance between the tips of the lateral toes, 
1.2 inch; between the inner and middle toe, 0.6 to 0.7 inch; between the outer and 
middle toe, 0.6 to 0.7 inch. Angle between the axis of the foot and the median line, 
sometimes 15°. Versed sine of the inward curvature of the inner toe, 0.1 inch; of the 
middle do., 0.75 inch ; of the outward curvature of the outward toe, 0.05 inch. Feet 
digitigrade. Width of the trackway, 2 inches. 

Remarks. — The specimens in the Cabinet are not sufficiently numerous to enable me 
to state the difference in size between the fore and hind feet, although, as the annexed 
wood-cut indicates, I think there is some difference. Hence the above description must 
answer for both. 
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Until quite recently I have regarded the tracks of this species as those of a biped, — 
a narrow-toed bird. It was only recently that I noticed the juxtaposition of two similar 
tracks successively, as the wood-cut shows, and as is obvious on another specimen. The 
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great inward inclination of the lower left-hand track on the figure, has thrown some 
doubt on my conclusion as to the quadrupedal character of the animal ; but the opposite 
evidence predominates. I had placed these tracks under Macroptcrna, and concluded 
not to give it in this llcport. But a careful re-examination has reversed my decision, 
and I leave it under Plesiornis to be rejected or retained as future discoveries may 
indicate. 

Locality. — On red shale, Wethcrsficld, and there only. When found, many years 
ago, I was not aware of any special interest attached to it, and did not, therefore, secure, 
as I might easily then have clone, a good supply of specimens. 

DfCERTJE SEDIS. 

I mean by this phrase to indicate that the species to be described under it, I find 
very difficult to refer to any place among existing animals. I attach the Typopus to 
the ornithoid Lizards, or Batrachians, because some general resemblance seems to ally 
it loosely with those animals. 

Gesus VII. — TYPOPUS, (t&h>$ ( type, and riots, foot; because the track has some resemblance to the type 
of certain languages, especially the Oriental, and still more specifically, the Syriac.) 

Heel spreading out laterally at right angles to the axis of the foot, and bent backward 
at one end ; or perhaps with one or two hind toes proceeding from it. Front toes, three ; 
the middle of the foot being arched upward, so that the middle toe in its posterior part 
rarely reaches the ground. 

Remark. — Of the second species of this genus I have but one specimen, which, 
though very distinct, may be set aside in judging of its character. But several good 
specimens of the first species are in the Cabinet, and are very well characterized, and 
almost exactly alike, or I should be inclined to regard the track as a distorted representa- 
tion of one made on a higher layer, and the impression carried through. Moreover, the 
rock is of that kind, — a hard micaceous sandstone, — that rarely admitted of much depth 
of impression. Again, there is a peculiarity in the position of some of these tracks, (to 
be described below,) that could hardly have been repeated, as it is, if this were not a 
veritable and nearly unchanged track. Under these circumstances, I can hardly do less 
than to describe the genus as well as I can ; but it is so anomalous, that my description 
is lame and imperfect. I retain the same name which I gave it ten years ago. In all 
that interval no new light has been shed upon it. 

Species 1. Tyi'opus abnormis. 
Sauroidichnites abnormis. American Journal of Science, Vol. XLVII. ; Plate 3, 
figs. 6, 7, 8. 

Typopus abnormis. Fossil Footmarks of the United States, p. 212, Plate X., fig. 6. 

[In the Cabinet, Nos. if, if, }J> if] 

Divarication of the lateral toes, 35° ; of the inner and middle toe, 20° ; of the middle 
and outer toe, 15°. Length of the middle toe to the heel, 2.8 inches ; of the inner toe, 
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1.3 inch; of the outer toe, 1.8 inch; of the part of the heel turned backward, 0.7 inch; 
of the part running across the foot, 2 inches ; of the foot, 4 inches ; of the step, 18 
inches; of the middle toe beyond the rest, 1.4 inch. Width of the heel where it turns 
backward, 0.25 inch ; do. of the long ridge or heel from which the toes proceed, 2.2 
inches. Distance between the tips of the lateral toes, 2.8 inches; between the inner 
and middle toes, 1.8 inch; between the middle and outer toe, 2 inches. Extension of 
the middle toe beyond the rest, 1.3 inch. Distance of the middle of the heel from the 
line of direction, 2.5 inches. Width of the trackway, 1 inches. 

Outline of the track shown of the natural size on Plate XVII., fig. 9. Plate XLV., 
fig. 7, also shows a slab in the Cabinet, with one of the feet turned awry. 

Locality. — At the ferry at Turner's Falls, where it was discovered by Dexter Marsh. 

Remarks. — The singular fact (if I am not mistaken) that every other track turns 
aside from the line of direction 15° more than its alternate, on the specimens obtained 
cannot but awaken an inquiry as to the cause. I was once showing the specimens to an 
eminent Boston physician, and inquired of him how he could explain it. " The animal," 
he replied, "had its leg broken, and there were no good surgeons in those days to 
set it." This was just the reply I expected; since the same thought had been forced 
upon myself. What probability there may be in it, I must leave others to decide. But 
I have no other hypothesis to suggest. 

Species 2. Typopus gracilis. (Nov. Sp.) 
Figured but not named in the Fossil Footmarks of the United States, Plate 15, fig. 4. 

[In the Cabinet, No. |f ] 

Three toes pointing forward, the two outer ones curving outward, with a versed 
sine of curvature equal 0.2 inch, and the third curving inward rather less. Heel an inch 
long, lying at right angles to the axis of the foot, and only the tenth of an inch wide. 
From the left hand extremity the heel seems to curve downwards at right angles, extending 
0.6 inch, and terminating in a sharp point like a toe, and not improbably it is a toe. 
At the other extremity, also, the heel is acuminate, and has the aspect of a hind toe ; 
so not improbably this is a five-toed track ; very probably it may show the impression 
below where the animal trod, and be somewhat distorted. Outline shown of the natural 
size (nearly 2 inches long, without the curvature or hind toe at the end of the heel) on 
Plate XVII., fig. 10. 

Locality. — On the red shale of Wethersfield Cove. As this is the only locality, 
and I have only one specimen from thence, I have but little confidence in this species. 
I shall expect at least, that both the species of Typopus will turn out to be quadrupeds ; 
for with all their anomalies their tracks have a sort of lacertilian or batrachian aspect, to 
one familiar with the feet of animals. Therefore I place them under this Group. 

Affinities of the Group. 

Perhaps I have sufficiently indicated these under each genus. The name of the 
Group conveys the impression made upon my mind by the mixed characters of the 
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species. The ornithic type runs through thorn all, and seems specially manifest in the 
hind feet ; hut in Plesiornis it is not limited to the hind feet. Here and in the Hyphepus, 
perhaps, we find the Batrachian type decidedly developed ; especially in the webbed and 
pelletted toes. But the fore feet of the Corvipes, Tarsodactylus, and Apatichnus, and the 
tail in some of them, look more like the lizard tribe. As to the Gigantitherium, — that 
most marvellous of the ancient races, — my mind is balanced on the question, whether 
the batrachian or lacertilian type predominated. The thickness of most of the toes looks 
batrachoid ; but the claws and tail are lacertilian ; though we ought not to forget that 
there may be frogs, or rather are frogs, with claws. (See Plate VI., fig. 11.) The foot, 
as a whole, with perhaps the exception of the curvature of the hind toe, is ornithoid ; while 
the progression in a right line is decidedly quadrupedal. What shall we say of such a 
giant, combining perhaps the characters of most of the vertebrate kingdom ; especially if, 
as yet appears, he was a biped ! What being has been brought to light on the globe, or 
I might almost say in the dreams of mythology, more extraordinary than this ancient 
inhabitant of Massachusetts ! 

GROUP V.— LIZARDS. 

Remarks. — The characters by which I would distinguish true lizards from some 
batrachians are not very trenchant and decided. I trust chiefly in a sort of slenderness and 
lithiness to designate the lizard. The number of toes, also, ought to be five in most 
instances, except in the fore feet of the Crocodilia. When, also, I see a long heel in the 
track it is a presumption of a lizard origin. 

In a few of the species that follow, I have obtained no certain evidence that the animal 
had more than two feet. But such is the aspect of the track, as to lead me unhesitatingly 
to presume that it had a lacertilian origin. 

Genus I. — POI.EMARCHUS, (noll/iup/i);, Polemarch, a leader in war.) 

Heel large and rounded, nearly as wide as the spread of the front toes. Three narrow, 
lithy toes, directed forward. The fourth toe a spur from the heel, inward. Foot plantigrade, 
or even calcigrade, the heel sinking deeper than the toes. 

Remark. — This description is derived solely from the tracks of the hind foot, the fore 
foot, which I doubt not existed, not having been discovered, probably because a surface 
large enough to show the fore track was not got out : at least I did not see it. But tin; 
animal that made such a track as the one I am describing, must have been a reptile, and, 
therefore, probably four-footed. 

Species 1. POLKMAIICHUS GIGAS. 

Satiroidichnites PolemarchlUS. Massachusetts Geological Report, Plate 35, fig. IT. 

[In tlio Cabinet, Nos. \\, f J, 

Hind Foot. — Divarication of the lateral toes, 45°; of the inner and middle toe, 20°; 
of the middle and outer toe, 25° ; of the middle and hind toe, 80°. Length of tin; middle 
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toe to the heel, 11.2 inches; of the inner toe, 8.5 inches; of the outer toe, 8.3 inches; 
of the hind toe, 2.5 inches; of the heel, 3.8 inches; of the middle toe beyond the rest, 
3.2 inches ; of the foot, 14.8 inches ; of the step, 48 inches, (1) Width of the heel, 3.9 
inches ; of the toes, 0.5 inch. Distance between the tips of the lateral front toes, 6.6 to 
8.7 inches ; between the inner and middle toe, 4 to 4.6 inches ; between the middle and 
outer toe, 5.5 to 7.5 inches; between the middle and bind toe, 13 inches. Hind toe 
straight, acuminate ; the others curved inward. Versed sine of curvature in the inner toe, 
0.45 inch ; in the middle toe, 0.9 inch ; in the outer toe, 0.3 inch. Width of the trackway, 
12 inches. (1) Track shown of its natural size on Plate XVIII., fig. 1. Also an ambrotype 
sketch on Plate LIX., fig. 3. 

Fore Foot. — Not discovered. 

Locality. — Chicopee Falls, in the middle of the river, directly upon the falls, just 
above the bridge ; where a few years ago some blasting was done in very low water. Also 
in a quarry one mile south of Chicopee, (Cabotville,) on the road to Springfield. 

Remarks. — I might perhaps have been justified in bringing this extraordinary animal 
into the family of Crocodilia, distinct from the general Group of lizards. For if I have 
described the hind foot, it has four toes like the crocodile, and a broad heel also. I can, 
however, discover no web to the toes, nor are those of the crocodile so long relatively. 
Still, if the fore foot should be found five-toed, as I confidently expect, the analogies will 
be rather striking. 

Ge^us II. — PLECTROPTERNA, (7iIi\xtqov, a spur, and a heel, meaning, a spurred heel.) 

Plectropus, of Fossil Footmarks, Plate IX., figs. 2, 3, and X., figs. 1 to 3. 

Heel elongated, apparently extending in the track to the tarsal joint ; narrow, spurred ; 
foot calcigrade ; toes four, three directed forward. Quadrupedal ; fore and hind feet, of 
unequal size. 

Species 1. Plectrofterna minitans. 

Sauroidichnites minitans. Massachusetts Geological Report, Plate 33, fig. 11. 
Plectropus minitans and longipes. Fossil Footmarks of the United States, Plate IX., 
figs. 2, 3, and Plate VIII., fig. 4, and Plate X., fig. 1 to 3. 

[In the Cabinet, Nos. V, V- 41. lb ii if. if. ft. !4> H> «. Hi M> «. St. ib ib H> Hi !}. H 0>U) «•] 

Hind Foot. — Toes three in front and one on the heel, 1.4 inch back of the roots of 
the other toes. Divarication of the lateral front toes, 75° ; of the inner and middle toe, 
38° ; of the middle and outer toe, 37° ; of the middle and hind toe, 80°. Length of the 
middle toe from the roots of the toes, 4.8 inches: of the inner front toe, 3 inches; of the 
outer toe, 3.4 inches; of the hind toe, 1.4 inch. Toes narrow, pointed, Length of the 
heel, 4.3 inches; of the foot, 9.1 inches; of the step, 16 inches. From tip to tip of the 
lateral toes, 4 incites ; of the inner and middle toe, 2.7 inches ; of the middle and outer 
toe, 3.5 inches ; of the middle and hind toe, 6 inches. Heel increasing in width backward 
and rounded ; frequently also sloping upward posteriorly, as if the animal were not 
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wholly calcigrade. Lateral toes frequently somewhat curved outward, and the hind toe 
backward. Width of the trackway, 9 inches. 

Fore Foot. — Track not discovered; but that of the next species has been, and a 
practiced eye cannot doubt the generic identity of the two ; so that we may safely presume 
the fore foot of this species to be five-toed. 

Outline of the hind tracks shown on Plate XVIII., fig. 2. On Plate XIX., figs. 10, 
11, and 12, is shown one of these tracks on successive layers, which has been described 
in my preliminary remarks. Figs. 3, 4, 5, show the same on another specimen. 

Locality. — The most abundant locality of this species is at the Cove in Wethersfield. 
But it was found by Mr. Marsh also, a little below Turner's Falls. 

Remarks. — There is considerable diversity in some of the characters of the hind foot 
of this species, and I formerly made two species out of it. But thinking it possible that 
all the diversities may be referred to a difference in the size of individuals making the 
tracks, I have united the former species under the specific name of minitans, from the 
threatening aspect which its foot must have assumed if used as a weapon of attack. 

Species 2. Plectropterna gracilis. (Nov. Sp.) 

[In the Cabinet, No*. *}-, V, f f , if, «, ¥. «. V . V. H> til 
Hind Foot. — Tctradactylous, three toes pointing forward; lateral ones slightly curved 
outward ; all narrow and acuminate. Divarication of the lateral front toes, 94° ; of the 
inner and middle toe, 57°; of the middle and outer toe, 37°; of the middle and hind 
toe, 105°. Length of the hind toe, 0.6 inch; of the inner front toe, 1.1 inch; of the 
middle toe, 1.8 inch; of the outer toe, 1.5 inch; of the heel, 2 inches; of the foot, 
3.8 inches ; of the step, from right to left foot, 4 inches ; same foot, 7 inches. From 
tip to tip of the outer front toes, 2 inches ; between the inner front and middle toe, 
1.5 inch; between the middle and outer toe, 1 inch; between the middle and hind toe, 
2.2 inches ; hind toe back of the others on the heel, 0.6 inch. Width of the trackway, 
5 inches. 

Fore Foot. — This seems to be considerably distorted on the few specimens in the 
Cabinet, and therefore an attempt to describe it as minutely as usual would be of little 
use. It is five-toed, four pointing rather forward, and one at right angles to the axis. 
The length is 1.8 inch; the heel being about as long as the other part of the foot. It is 
situated a little outside of the hind trade, and about as much advanced. 

An outline of both these tracks is given on Plate XVIII. , fig. 3, of the natural 
size. It will be seen that it is a far more slender and smaller species than the P. minitans. 
Plate XLVIIL, fig. 2, exhibits a row of the P. gracilis, but it is lather indistinct. 

Locality. — This species occurs on the farm of Mr. Field at Gill, and I am not 
certain of any other locality. 
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Species 3. Plectropterna angusta. (Nov. Sp.) 

[In tlio Cabinet, Nos. jj, Jj, Jj, |}, J j.] 

Hind Foot. — Four-toed, three directed forward, the fourth a spur curved backward. 
Heel broad and tapering backward, rounded at the extremity. Divarication of the lateral 
front toes, 47° ; of the inner and middle toe, 22° ; of the middle and outer toe, 25° ; 
of the middle arid hind toe, 95°. Length of the hind toe, 0.7 inch ; of the inner front 
toe, 2 inches; of the middle toe, 2.8 inches; of the outer toe, 1.8 inch; of the heel, 1.4 
inch; of the middle toe beyond the rest, 1.25 inch; of the foot, 4.2 inches; of the step, 
12 inches. Toes narrow, slightly curved, the lateral ones outward. From tip to tip of 
the lateral toes, 1.6 inch; between the inner front and middle toe, 1.3 inch; between 
the middle and outer toe, 1.7 inch; between the middle and hind toe, 3.5 inches. Axis 
of the foot nearly coincident with the line of direction. Animal walking nearly upon a 
right line, as may be seen from Plate XXXVL, fig. 3, which is copied from a slab 
owned by Roswell Field. Width of the trackway, 2.7 inches. 

Fore Foot. — Not yet discovered; and I am by no means certain that it ever will be; 
for though a certain general resemblance leads me to place this species under Plectropterna, 
it may be found that it is a bird. Its progression, so nearly in a right line, certainly 
agrees better with a bird than with a lizard, and its form scarcely differs from the bird 
type, especially if the species of Tridentipes already described were birds. But when so 
long a heel with a spurred toe lying nearly at right angles to it, exists, the aspect is so 
lacertilian that I have thought it safer to place such a species provisionally in that tribe, 
even though we find no marks of a fore foot where we should expect it ; and we certainly 
should expect it on the fine specimen of Mr. Field's above referred to, only quite recently 
found on his farm. 

An outline of the hind foot of this species is shown on Plate XVIII., fig. 4. 
Species 4. Plectropterna lineans. (Nov. Sp.) 

[In llio Cabinet, Nos. fj, ff, 

Remark. — A resemblance, yet not as close as I could wish, between the specimen 
which I am about to describe from the red shale of Wethersfield Cove, and a row of tracks 
lately found by Roswell Field on his farm, has led me to erect this species. On Mr. 
Field's specimen only the hind foot is shown, and that arranged in the tracks so strikingly 
in a line, as to suggest the idea of moving in a right line for the specific name. Both 
tracks are shown on the Wethersfield specimen, and I think must come in under this genus, 
whether identical or not with the row figured on Plate XXXV., fig. 10, from Gill. 

Hind Foot. — Tetradactylous, lcptodactylous, toes all curved : the three front ones inward, 
and the hind one, which comes out from the heel at right angles, forward. Divarication 
of the lateral front toes, 67°; of the inner and middle toe, 25°; of the middle and outer 
toe, 42° ; of the middle and hind toe, 63°. Length of the hind toe where it touched the 
ground, 0.5 inch; to the heel, 0.7 inch; of the inner front toe, 1.2 inch; of the middle 
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toe, 1.9 inch; of the outer toe, 1.1 inch; of the middle beyond the rest, 0.9 inch; of the 
heel, 0.7 inch; of the foot, 2.G inches; of the step, 10 inches. Distance between the tips 
of the lateral toes, 1.1 inch; between the inner and middle toe, 0.8 inch; between the 
middle and outer toe, 1.2 inch ; between the middle and hind toe, 1.9 inch. Width of 
the trackway, 1.4 inch. 

Fore Foot. — Tctradactylous, leptodactyloufl, toes all curved inward, the two inner ones 
strongly; the versed sine equal to 0.15 inch, although the toe is only an inch long; the 
third scarcely curved at all ; whole track an inch long, and 0.8 inch wide, placed some- 
what in advance of the hind foot ; the axis of both turning several degrees towards the 
median line. 

Tracks shown of the natural size on Plate XVIII., fig. 5. 

Genus III. — TRLENOPUS, (ryfaim, an anchor, and novg, a foot ; the anchor foot.) 

Quadrupedal, tetradactylous on both fore and hind feet. Toes slender and long ; three 
directed forward with small divarication. Fourth toe coming out near the extremity of a 
long heel. 

Remark. — This genus occurs chiefly on the red shale of Wethersfield, and although 
the tracks are beautifully distinct, my specimens are so much broken and the tracks are so 
numerous, that I find it nearly impossible to determine which of them belong to the same 
animal. I formerly described two species. But I think it safer to reduce them to one in 
this Report. Yet I find it difficult to determine which is the hind and which the fore foot. 
It would not be strange if it should turn out that I have embraced not merely two species 
but two genera under one species. 

Species 1. TaiiENOPus leptodactylus. 

Sauroidichnites ISaileyi and Fmmonsi. Massachusetts Geological lleport, Plate 31, 
figs. 7 to 12, and Plate 32, figs. 8 and 9. 

Tricenopus Haileyanus, and Truenopus Emmonsianus of Fossil Footmarks of the United 
States, Plate X., figs. 4 and 5. 

[In the Cabinet, Nos. y, f, f J, ft ft ft ft 3$, ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft 

ft ft ft ft ft V-] 

Hind Foot. — (Tricenopus Bailcyanus.) Divarication of the lateral toes, 35° to 40°; 
of the inner and middle toe, 15° to 20° ; of the middle and outer toe, the same; of the 
middle and hind toe, 30° to 40°. length of the middle front toe, 2.5 to 3.6 inches ; of 
the inner toe, 1.6 to 2.2 inches; of the outer toe, 2 to 2.5 inches; of the hind toe, 0.7 to 
0.9 inch; of the heel, 1.4 to 2 inches; of the foot, 4 to 4.9 inches; of the step, 7 
inches (s); of the middle toe beyond the others, 1.5 inch. Width of the foot at the roots 
of the toes, 0.3 inch ; of the heel, 0.2 inch. At the extremity of the heel, or at the tarsal 
joint, there seems to have been an arch into which the mud was crowded as the animal 
trod, producing a small ridge, and beyond this backward, we sometimes find a depression 
seemingly made by a fifth toe, or by a part of the tibia. See Plate XIX., figs. 6 and 7, 
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where the dotted lines will give some idea of these appearances. Width of the trackway, 
2.5 inches. 

Fore Foot. — (Truenopus Emmonsiamts, Fossil Footmarks of the United States, Plate 
X., fig. 5.) Toes four ; three pointing forward. Divarication of the lateral front toes, 50° ; 
of the inner and middle toe, 25° ; of the middle and outer toe, 25° ; of the middle and 
hind toe, 115°. Length of the hind toe, which proceeds from the end of the heel, 0.7 to 
linch; of the inner front toe, 1.5 to 2 inches; of the middle toe, 2.3 to 3.2 inches; of 
the outer toe, 1.5 to 2.2 inches; of the heel, 0.3 to 0.7 inch; of the foot, 2.8 to 3.9 inches. 
Distance between the tips of the lateral toes, 1.5 to 2 inches ; of the inner and middle toe, 
1.1 to 1.8 inch; of the middle and outer toe, 1.3 to 2 inches; between the middle and 
hind toe, 2.9 to 4.1 inches. Heel, 0.2 inch wide; at the roots of the front toes, 0.4 inch. 
Versed sine of the inward curvature of the inner toe, 0.15 inch; of the middle toe, 0.1 
to 0.15 inch ; of the outer toe, outwards, 0.05 inch. 

Tracks of both feet shown of the natural size on Plate XIX., figs. 1 and 2. Figs. 3, 
4, 5 and 6, show one of these tracks on successive layers ; and figs. 6, 7, 8 and 9 the same 
on another specimen, and Plate XX., figs. 1, 2 and 3 a third, as described in my prelimi- 
nary principles. Plate XLV., fig. 8, exhibits an ambrotype sketch of a fine specimen of 
these tracks from Wethersfield, No. § j. Plate LIL, fig. 1, exhibits the stony volume, No. 3Ji. 

Genus IV.— HARPEDACTYLUS, (&yv, a sickle, and diuvlos, a toe.) 
Quadrupedal; tetradactylous, leptodactylous ; heel long; toes generally all curved 
inward, so as to resemble sickles. 

Species 1. Harpedactylus gracilis. 

Sauroidichnites tenuissimus (1). Massachusetts Geological Report, Plate 34, fig. 13. 
Harpedactylus gracilis. Fossil Footmarks of the United States, Plate XIV., fig. 2. 

[In the Cabinet, Nos. ft, ft, ft, ft, ft.] 

Hind Foot. — Toes all pointing forward. Divarication of the outer front toes, 100° ; 
of the inner and middle toe, 50° ; of the middle and outer toe, 50° ; of the middle and hind 
toe, 65°. Hind toe coming out of the heel only a little behind the roots of the others. From 
tip to tip of the toes, commencing with the inner or hind toe, and passing outward, 1.2, 1.5, 
1.3 inch. Length of the toes in the same order, 0.9, 1.3, 2.1, 1.6 inches. Toes narrow, 
acuminate, all curved inward. Versed sine of curvature in the order above named, 0.0, 
0.1, 0.15, 0.15 inch. Length of the heel from the roots of the front toes, 2.2 inches. 
Width of the same, 0.2 inch. Extension of the middle toe beyond the others, 0.9 inch. 
Toes curved inward towards the median line, but the axis of the foot nearly parallel 
to that line ; the heel 0.9 inch distant. Length of the step, alternate foot, 3.5 inches ; 
right feet or left feet, 3 inches. Width of the trackway, 5 niches. 

Fore Foot. — Too imperfectly shown on any specimen to be minutely described ; 
whole length 1.1 inch, including a heel about 0.25 inch long. Toes four, at least, more 
or less curved. Position of the foot very near the point of the middle toe of the hind 
foot, sometimes interfering with the toe. 
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Outline of the feet of natural size shown on Plate XX., fig. 4. Plate LTX, fig. 5, 
shows, also, two hind feet very close together on the stony volume, No. \\. The animal 
in this case stepped only an inch. 

Localities. — The best locality is on gray shale, a little below Turner's Falls, in a 
quarry laid open by Dexter Marsh. 

1 have probably one or two other species of this genus, one from the red shale of 
"VVethersfield, and described by me formerly under the name of Sauroidichnites tenuissinms ; 
but as the specimens are not very distinct, I judge it best to describe only one species. 

Genus V. — XIPHOPEZA, (£%0£ ( a sword, and a foot.) 
Feet unequal; hind foot with a heel expanding posteriorly. Three toes directed 
forward with a hind toe on a prolongation backward of the outer toe; the whole foot 
resembling several swords or daggers crossing one another. 

Species 1. Xiphopeza triplex. 
Xiphopesa triplex. Fossil Footmarks of United States, Plate XV., fig. 8. 

[In the Cabinet, Nos. |f \\, ?}, ?}, f, «, «.] 

Hind Foot. — Tetradactylous, three toes directed forward. Divarication of the lateral 
front toes, 80° to 90° ; of the inner and middle toe, 40° ; of the middle and outer toe, 
50° ; of the middle and hind toe, 130° ; of the hind and outer toe, 180°. Length of the 
inner forward toe, 0.8 inch; of the middle toe, 1.5 inch; of the outer toe, 1.1 inch; of the 
hind toe, 0.5 inch; of the heel, 1.2 inch; of the foot, 2.6 inches; of the step, from hind 
foot to hind foot on alternate sides, 4 inches ; do. on the same (right or left) sides, 7 inches. 
Greatest width of the heel near its extremity, 0.45 inch ; do. near the roots of the toes, 
0.2 inch. Distance from tip to tip of the lateral toes, 1.5 inch; between the inner and 
middle toe, I inch; between the middle and outer toe, 1.1 inch; between the middle and 
hind toe, 2.8 inches. Axis of the foot nearly parallel to the line of direction ; distance of 
the axis from the median line, 1.1 inch. "Width of the trackway, 4.5 inches. 

Fore Foot. — Three toes on the specimens ; probably four or five on the foot ; less than 
an inch in length and breadth. Track just in advance of that of the hind foot. 

Outline of both feet shown on Plate XX., fig. 6 ; also an ambrotype sketch of the 
stony volume, Nos. \\ and fj, on Plate LIL, figs. 3, 4 and 6. 

Locality. — At Turner's Falls below the dam, discovered by Dexter Marsh. 

'Remark. — This animal must have had a body of considerable width, as its feet were 
placed, in walking, more than two inches apart. 

Genus VI. — ORTHODACTYLUS, (iofMf, straight; and (toxruiof, a toe.) 
Hind and fore feet unequal in size and unlike in form ; the hind foot having at least 
four long, strait, and nearly parallel toes, and the fore foot four (probably five) short, 
radiating toes. 
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Species 1. Orthodactylus floriferus. (Nov. Sp.) 

Figured, witliout name, by Dr. Deane, in the Journal of the Academy of Natural 
Sciences, Vol. 3, Plate 19, Diagram A. 

[In the Cabinet, Nos. \, V-] 

Hind Foot. — Toes four, all pointing forward. Divergence of the outer toes, 170° to 
180°. The others make about an equal division of the arch, that is 45°, between each 
pah. Foot digitigrade. Length of the inner toe, 0.6 inch ; of the second, 0.8 inch ; of 
the third, 0.85 inch ; of the fourth, 0.7 inch ; of the step, right and left feet, 1.8 to 2.5 
inches ; between the hind foot and hind foot on the same side, 2.9 to 3.2 inches. From 
tip to tip of the lateral toes, 0.5 inch. Width at the roots of the toes, 0.4 inch. Angle 
of the axis of the foot with the median line outward, 35° to 40°. Distance of the middle 
of the heel from the median line, 0.3 to 0.9 inch. Width of the trackway, 3.25 inches. 

Fore Foot. — Pentedactylous, digitigrade toes of nearly equal length are ranged on 
nearly a semicircle whose radius is about 0.4 inch. Track placed near the outer extremity 
of the hind foot, sometimes interfering with the hind toes, and looking like a stellate flower 
on four stalks, and hence the specific name. 

Outline of tbe feet of natural size shown on Plate XX., fig. 7. 

Locality. — Turner's Falls, Lily Pond, where it was discovered by Mr. Field. 

Remark. — As the feet of this species, especially the hind feet, are digitigrade, it may 
turn out that the hind foot has five toes as well as the front one. 

Species 2. Orthodactylus intro-vergeks. (Nov. Sp.) 

[In tho Cabinet, No. ff] 

Hind Foot. — Toes three, (probably four,) straight, from an inch to an inch and a 
quarter long, very narrow. Outer ones diverging a few (rarely more than 20°) degrees. 
Axis of the foot turned inward usually, a few degrees towards the median line, sometimes 
parallel to it. Length of the step, with the same hind foot, about 2 inches. Width of 
the trackway, 3.5 inches. 

Fore Foot. — Of four, perhaps five toes, narrow, somewhat curved ; about half the length 
of the hind foot. Axis turned considerably towards the median line. Tracks placed near 
the tips of the hind toes. 

Outline sketch of the feet shown on Plate XX., fig. 8. An ambrotype sketch of the 
slab 1 4, is also given on Plate LI., fig. 1. 

Locality. — Turner's Falls, Lily Pond, at Mr. Field's quarry. 

Remark. — My specimen for describing this species is not very satisfactory, as it 
shows the tracks a little below where the animal trod. But the great difference as to 
the position of the axis of the foot and the median line between this and the first species 
precludes the idea that they are the same ; the toes in the first species turning a good 
deal outward, and inward in the latter species. 



ANTIPU8. H5 
Species 3. Orthodactylus linearis. (Nov. Sp.) 

[In the Cabinet, Nos. HI 

Hind Foot. — Tetradactylous ; toes narrow, lying nearly parallel to one another, with 
a divergence of the outer toes not over 20°. Toes increasing in length outwardly, except 
perhaps the last ; the longest never over 0.5 inch. Divergence outward of the axis of the 
foot from the median line, not over 20°. Distance of the middle of the heel from the 
median line, from 0.2 to 0.5 inch. Length of the step, f reckoning from step to step of 
the same foot, 1.2 to 1.8 inch. Right and left feet alternating. Toes dragging occasion- 
ally. Trace of a tail. Width of the trackway, 1.5 inch. 

Fore Foot. — Apparently much in shape like the hind foot, though more slender; 
hut the specimens are too indistinct to allow of a detailed description. 

Outline of the hind feet and traces of feet and tail, of the natural size, on Plate XX., 
fig. 9. Also an ambrotype sketch of the whole slab, No. f-J, on Plate XLVIII., fig. 4. 
This is one leaf of a stony volume. 

Locality. — Turner's Palls, Field's farm, discovered by Dexter Marsh. 

Genus VII. — ANTIPUS, opposite, and foot.) 

Feet four and five-toed, pointing in nearly opposite directions. 

Species 1. Antipus flexiloquus. (Nov Sp.) 

[In the Cabinet, Nos. ff , tt-] 

Hind Foot. — Tetradactylous, narrow, essentially plantigrade; toes acuminate; outer 
ones diverging at an angle of 65° ; all pointing backward, and somewhat outward. 
Length of the inner toe, 0.8 inch; of the second, 1 inch; of the third, 1.1 inch; of the 
fourth, 1.1 inch; of the step by the same foot, 1.5 to 3.3 inches. Width from tip to tip 
of the lateral toes, 1 inch. Distance between the axes of the hind feet, 2.3 inches ; angle 
of the same with the median line outward and backward, 20°. Width of the trackway, 
5 inches. 

Fore Foot. — Pcntedactylous ; toes very narrow, essentially plantigrade. Axis of 
the foot turned outward from the median line, from 50° to 70°. Divarication- of the 
outer toes, nearly 180°. Two outer toes curved outward, the rest nearly straight. I/ength 
of the outer toe, 0.4 inch ; of the fourth, 0.6 inch ; of the third, 0.65 inch ; of the second, 
0.8 inch ; of the first, 0.6 inch. Distance between the heels, 2.4 inches; from the median 
line, 1.2 inch. 

Outline of these tracks shown of the natural size on Plate XX., fig. 10. 

Locality. — Turner's Falls, on Mr. Field's farm, I believe at Lily Pond. 

Remark. — It is not an infrequent occurrence for lizards, as well as Chelonians, and 
perhaps some Salamanders, to place their feet in walking as we find in this species. See 
a sketch of the Salamandra Beech yi on Plate VI., fig. 12. I speak of this species as 
ambiguous, (flexiloquus,) because' I hardly know to which of these families to refer it. 

15 
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I do not put it among the Salamanders because they have only four front toes and five 
hind toes; which order in this species is reversed according to our present knowledge. 
And the slenderness of the toes agrees better with lizards than Chelonians. 

Species 2. Antipus bifidus. (Nov. Sp.) 
[In the Cabinet, Nos. V, ¥-] 

Hind Foot? — Diductylous ; outer toe, 7 inches long; inner toe, 12 inches. Width, 
1.25 inch; blunt. Angle between them, 20°. Toes seeming like a simple bifurcation 
of the heel. Fore feet and hind feet pointing in almost exactly opposite directions. 
Distance between them, 8 inches. Trace of a narrow tail on the inner or left hand side 
of the tracks. Width of the trackway, 1 1 inches. 

Fore Foot? — Inner toe, 5 inches long; outer toe, 12 inches; angle between them, 
15°; width of the toes, 1.25 inch. Toes blunt. 

I have not given an outline sketch of this species of the natural size, as I feel in so 
much doubt about its character. But Plate XXXVI., fig. 8, shows an outline sketch 
of the best specimen in the Cabinet, No. Fig. 7 of the same Plate shows a specimen 
(No. W) which I connect with this species, although all it shows is a heel 14 inches 
long and 2 inches wide, with the trace of a strong tail, sweeping to the right and left 
in a serpentine course. At one end, however, the heel expands just where the slab 
terminates, but whether it divides into two or three toes I cannot ascertain. I doubt 
whether this track and that of Antipus bifidus are the same ; but let them stand together 
till better specimens are found. I have had these specimens in my possession for a long 
time; but have waited in vain for light. I cannot satisfy myself even which was the 
hind and which the fore foot, and am, in doubt whether the bifurcation described was 
made by toes or something else. The impressions being of equal size throughout do 
not resemble toe tracks, but rather long heels. Plate XLVIII., fig. 10, shows an 
ambrotype sketch of No. - 2 a a -. 

Locality. — Turner's Falls, at the Ferry, where the specimens were found by Dexter 
Marsh. 

Remarks. — Perhaps I have not sufficiently indicated the impressions produced on 
my mind by the specimens of Antipus bifidus described above. No. seems to me to 
be the fore and hind feet, pointing in opposite directions, of one side of an animal, with 
a tail trace on one side. Had we the slab on the other side of this trail, probably we 
should find another set of similar feet. But of this we cannot be sure. 

Genus VIII. — STENODACTYLUS, (o-reroj, slender, and Mxiulot, a toe.) 
Both feet (hind and fore) pcntedactylous, very slender and lithy. 

Species 1. Stenodactylus curvatus. (Nov. Sp.) 
[In the Cabinet, Nos. JJ, »}, jj, ff, |J, V ] 
Hind Foot. — Toes all curved outward from the median line, except the short outer 
one. Outward angle between the axis of the foot and the median line, about 20°. 
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Distance of the heel fvom the median line, 0.6 inch. Divergence of the toes exclusive 
of the short outer one, 70°. Length of the toes, commencing with the inner one, 
0.7, 0.8, 1, 0.85, 0.25 inch. Versed sine of the curvature of the first four toes, beginning 
with the inner one, 0.1, 0.15, 0.18, 0.1 inch. Length of the foot, 1 inch; of the step, 
with the same foot, 3.3 inches. Width of the trackway, 2.5 inches. 

Fore Foot. — Axis of the foot curved outward nearly at right angles with the median 
line. Distance of the heel from the median line, 0.6 to 1.1 inch. Length of the toes 
from within outwards, 0.25, 0.3, 0.5, 0.55, 0.1 inch. Inner and outer toes pointing nearly 
opposite; third and fourth considerably curved outwards. Fore foot placed rarely less 
than an inch in advance of the hind foot. 

Outline of both feet in their usual position shown on Plate XX., fig. 11. A sketch 
of the whole slab, |J, shown on Plate XXXIV., fig. 3 ; one of the feet being represented 
by dots, because a good deal broken. 

Locality. — Turner's Falls, on Mr. Field's farm. 

Genus IX. — ARACHNICIINUS, (&Q&X*W3 a spider, and P/t'o:, a track ; i. e. a track looking like a spider.) 

Remark. — Four or five-toed, the toes radiating in all directions, especially on the 
hind feet. Lines also diverge from the track longer than the toes, in two and sometimes 
three directions, which are acuminate like the toes, but evidently not toes. 

Species 1. Arachnichnus dehiscens. (Nov. Sp.) 

[In the Cabinet, Nos. ij, f j, .] 

Hind Foot. — Pentedactylous, narrow; the inner and outer of the four front toes 
pointing exactly opposite. Length of the toes beginning with the inner hind toe and 
proceeding outwardly by the inner front toe, 0.5, 0.4, 0.65, 0.4, 0.35 inch. Radiating 
lines connected with the track rarely more than an inch long, and more frequently 
coinciding with the axis of the foot. Axis of the foot usually nearly parallel to the 
median line. Distance between the rows of tracks on opposite sides of the animal's body, 
2.3 inches. Length of the step from footprint to footprint of the same foot, 3 to 4.5 
inches. Width of the trackway, 3 inches. 

Fore Foot. — Tetradactylous (probably five-toed); toes radiating through a semicircle, 
nearly equal in length, or about a quarter of an inch. Track just in advance of, though 
frequently interfering with, that of the hind foot. 

Outline of the tracks of natural size shown on Plate XX., fig. 12; fig. 13 also 
shows a hind foot with the radiating lines proceeding from it. Plate XXXVII., fig. 2, 
shows a slab of these tracks on a reduced scale, where the animal made sudden turns in 
his course. (•?$.) 

Locality. — At the Lily Pond, discovered like all others at that locality by Mr. Field. 
On rather soft, slightly reddish shale. 

Remark. — The difficulty of explaining the radiating lines connected with all the 
tracks of this species, I have seen, with perhaps one or two exceptions, led me to give it 
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the specific name of ineocplicahilis. But recent examination of other localities, especially 
at Middletown and Portland in Connecticut, have led me to the conclusion that these 
marks are sun cracks, which were afterwards filled with mud. I at first suspected that 
they might have resulted from the dragging of the animal's feet ; hut the fact that they 
always become narrower outward, though proceeding in various directions, cuts off such 
a supposition. But this would be natural, if cracks in the sun-dried surface proceeded 
outward from a track. In most other cases which I have noticed, these mud crack veins 
proceed from the tips of the toes, but not always in the Arachnichnus. They would most 
naturally follow the prolonged direction of the toes, but not necessarily; as may be 
seen finely illustrated on that beautiful slab represented on Plate LX., fig. 1. 

Of all places which I have ever visited, the Portland quarries are the best for 
studying the phenomena of sun cracks and mud veins. I am convinced after recent 
examination, (November, 1857,) that the remarkable examples in the Appleton Cabinet 
from Portland, figured on Plate LVL, figs. 1 and 2, as well as fig. 3, from Turner's Falls, 
were produced by the action of the sun upon the mud and the subsequent introduction 
of mud by aqueous agency ; though it is not easy to see how the edges of the inlaid 
pieces should have been so finely rounded and even smoothed. 

Genus X. — CHIMJERA, (Xlfuuqa, the name of a fabulous monster.) 

Four toes, with a stout heel behind, and five before. Tail broad and stout. 

Remark. — In this genus we have a repetition of the facts detailed, when describing 
the Apatichnus circumagens. For in the Chimsera, also, we find on the upper surface 
a distinct tail and indistinct tracks, with a rather long heel on the hind foot. But on 
splitting off a layer one inch thick, while the tail and the long heel and generally the 
fore foot also, have disappeared, a more distinct impression is presented of the four 
toes, apparently radiating from a rounded heel. For my views as to the manner in 
which these phenomena were produced, I would refer to the description already given 
of the Apatichnus. It is possible that the Chimera may turn out to be identical with 
the Apatichnus. But the much greater breadth of the tail in the latter genus, and the 
great differences between the feet both before and behind, forbid me, as I now view the 
characters, to bring them together. The omithoid aspect of the hind foot of the Apatichnus 
is striking ; but that of the Chimrcra is strongly lacertilian, approaching, however, the 
batrachian type in the fore foot. 

Species 1. Chim^sua Barratti. 
Anomwnm Barratti. (?) Fossil Footmarks of the United Suites, Plate 13, fig. 3. 

[In the Cabinet, Nos. tf, «}, V, If] 

Hind Toot. — Four-toed; three toes directed forward; heel long. Divarication of 
the inner forward toes, 75° ; of the inner and middle toe, 37° ; of the middle and outer 
toe, 40°; of the middle and hind toe, 65°. length of the toes in order outward, 
commencing with the hind toe, 1.2, 2.5, 3.8, 2.7 inches; of the heel, 3 inches; of the 



ISOCAMPE. 



119 



middle toe beyond the others, 1.75 inch. Distance between the tips of the lateral toes, 
3.3 inches ; between the inner and middle toe, 2.3 inches ; between the middle and outer 
toe, 2.3 inches ; between the middle and hind toe, 4 inches. Length of the foot. 6.9 
inches; of the step of the same hind foot, 18 to 20 inches. Toes thick, heel thick and 
rounded at the end. Tail making a pathway an inch broad and somewhat crooked. 
Distance between the rows of tracks, 6 inches; axis of the hind foot taming outward 
from the median line from 15° to 25°. Width of the trackway, 9 inches. 

Front Foot. — Five-toed; toes thick, rounded and curved inward; divarication of the 
outer ones, nearly 180°. Length of the toes from the centre of the heel, reckoning 
outward, 1.1, 1.7, 1.8, 1.5, 1.3 inch. From tip to tip in the same order, 0.7, 0.7, 1, 1.4 
inch. Greatest length of the foot, 1.65 inch; breadth of the same, 2.5 inches. Position 
of the front foot in relation to the hind one, irregular. 

Outlines of these tracks are shown on Plate XXL, fig. 1, hind foot, fig. 2, fore foot. 
Fig. 3 is a hind foot, on a layer half an inch below that on which the heel of the hind 
foot and the tail left impressions. Fig. 4 may be the fore foot of this animal, from 
Marsh's quarry in Montague ; yet it is quite unlike fig. 2, and very likely belongs to a 
different animal. Plate XXXVII. , fig. 1, shows a row of these tracks, one-half of which 
exhibits a layer half or three-quarters of an inch below the other part, and shows how 
even that depth changes the aspect of a track, though more distinct than those on the 
layers where the animal trod. 

Localities. — Turner's Falls, and perhaps Montague, at Marsh's quarry, and also 
Middletown. 

Remarks. — I affix the name of my friend Dr. Joseph Barratt of Middletown to 
this species, as its discoverer, although I am not sure that the specimen which he pointed 
out to me in Middletown as the Anomospus Barratti is the same. But I rather presume 
them to be identical. 

Genus XI. — ISOCAMPE, (foof, equal, and xdyjmj, a curve; referring to the almost equal curvature of 

the toes.) 

Hind and fore feet of unequal size ; the four toes in the hind foot all curved inward 
nearly alike. Animal digitigrade, caudate. 

Remarks. — Ttecently (November, 1857,) I purchased of Dr. Joseph Barkatt the 
specimen of which Plate XXXVI., fig. 5, is a reduced sketch, and which I recognized 
as new. It shows, however, only what I regard as the hind foot, with a trace of the tail. 
But on seeing it I was reminded of a small specimen in the Cabinet from Turner's Falls, 
which I have long observed, but have not felt prepared to give it a name. That specimen 
shows both feet, if I do not mistake, with a fourth toe on the hind foot, and at least that 
number in front. But although the Middletown specimen shows no one track so perfect, 
yet exhibiting a succession of tracks, made by one side of the animal, and a tail, it reveals 
the general characters of the species. But I shall venture to use the Turner's Falls 
specimen as the basis of my description of the individual tracks, and add others from the 
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Connecticut specimen. The generic name is founded on the almost equal curvature of 
the toes. The specific name following, represents the animal as sprawling. 

Species 1. Isocampe strata. (Nov. Sp.) 

[In the Cabinet, Nos. y, JJ, $j, f J, J}.] 

Hind Foot. — Tetradactylous, pachydactylous ; toes all curved inward, nearly of equal 
length, digitigrade. Toes nearly or quite parallel, so far as they impress the ground 
in walking. Versed sine of curvature in the outer toe, 0.15 inch; of the next toe inward, 
0.4 inch ; of the next, 0.3 inch ; of the next, 0.25 inch. Length of the toes, commencing 
with the inner one and going outward, 1.65, 2, 2.3, 2.15 inches. Length of the step, 
from track to track of the same hind foot, 3.4 inches. Axis of the hind foot nearly 
parallel to the line of direction. Distance from the median line, 2.2 to 3.2 inches. Trace 
of the tail from 0.25 to 0.6 inch broad ; crooked and irregular. Width of the trackway, 
7 inches. 

Fore Foot. — Tetradactylous ; (five-toed ]) Toes nearly straight. Divergence of the 
outer ones, 35° ; of the two inner ones less than 5° ; of the second and third, 5° ; of the 
third and fourth, 25°. Length of the toes, counting outwards, 1.1, 1.7, 1.2, 1.1 inch. 
Axis of the foot turned a little more inward towards the median line, than that of the hind 
foot. Position of the fore foot a little nearer the median line than, and in advance of, 
the hind foot. 

Outline of the tracks of this species of the natural size given on Plate XX., fig. 5. 
Reduced outline of the slab from the Portland quarries on Plate XXXVI., fig. 5. This 
shows, if I understand it, a trace of a tail and tracks of the hind feet of one side of the 
animal. The row on the other side was broken off, as I suppose, before I saw the 
specimen. 

Localities. — The Portland quarries, opposite to Middletown in Connecticut, are one 
locality as already named, and Turner's Falls another, if I have not misapprehended the 
specimens. 

Affinities of the Group. 

Perhaps I have given these sufficiently under the several genera. The number of 
toes, especially on the fore feet, which usually show five, — the slcndemess and lithiness 
in general of the toes, the usual presence of a long heel, — and often of a tail, the diminu- 
tive size of the fore feet, and the position both of hind and fore feet when the animals 
walked, lead the mind, upon the whole, more strongly towards the lizards than any 
other tribe. Yet there are some anomalies and peculiarities that agree better with other 
families ; and I have already spoken of the difficulty of distinguishing by their tracks, 
lizards and salamanders, excepting by the number of toes ; which, in the fossil footmarks, 
is a most delusive character, because so difficult to be ascertained with certainty. 
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OllOUP VI. — BATRACHIANS. 

Genus L — BATRACHOIDES, (fl'i<Q"X"S, a frog, and f?Jo;, form, or Bhape : resembling a frog.) 

Remarks. — At a meeting of the American Association for the Advancement of Science, 
in New Haven, in 1850, Professor Benjamin Silliman, Jr., presented a paper on certain 
small spheroidal cavities in the Niagara Group of the New York rocks. He suggested 
that they might have been formed by tadpoles, as he and Dr. N. S. Maxross had observed 
similar cavities to be formed by the gyratory movements of existing tadpoles. 

Still earlier, Professor James Hale, in his Report on the Fourth District of New 
York, (p. 93,) described and figured these cavities, which he was disposed to regard as 
concretionary. 

I was absent in Europe in 1850, and not happening to look over the Proceedings 
of the Scientific Association on my return, I brought forward the same subject at its 
meeting in Albany in 1856. The occasion, however, was the discovery of far more perfect 
and beautiful specimens in the red shale of South Hadley, in Massachusetts. These were 
brought to my notice by Paoli Lathkop, Esq., of that place, and by him I was assisted in 
obtaining the splendid specimens now displayed in the Ichnological Cabinet, — the most 
attractive, probably, of all the specimens there exhibited. Accidentally I discovered, in 
1856, similar depressions in muddy places, made by living tadpoles in South Hadley. 
Hence I suggested before the Association in 1856, the same theory, and sustained it by 
the same facts, as did Prof. Silliman in 1850, not knowing that I was repeating his 
paper. But during the past summer (1857), I have had an opportunity to witness the 
phenomenon on a magnificent scale, in a hole, some fifteen or twenty feet deep, in Hadley 
meadows, close by the Northampton bridge over Connecticut River. In the spring the 
river flows into the hole and fills it, and it requires a large part of the summer for all the 
water to evaporate. A small species of frog {Sana fluviatilis?) chooses the place for 
depositing its eggs, which become tadpoles when the water is reduced to the depth of a 
foot or two feet. The bottom is then perhaps three rods long and two rods wide ; and 
before the water is all evaporated, and the tadpoles change into frogs, (which they do 
about the time when the water fails,) the whole of this surface became covered with 
spheroidal cavities, which could not be distinguished from those on stone. The Senior 
Class of 1857 in Amherst College, who were familiar with the specimens on stone in the 
Cabinet, visited the spot, and were so struck with the appearance as to denominate the 
place, Tadpole City." 

I had been led to doubt the tadpole origin of the South Hadley and New York 
specimens, by the fact that in many cases the cavities were arranged in lines, and some- 
times too it was clear that they occupied ripple marks. But I found the same thing at 
Tadpole City. Deep as the hole is, and slight as could be any aqueous current there, I 
found that ripple marks, of about the same width and depth as those on the rocks, had 

"The present year, (1858,) 1 have met with a still larger number of these tadpole nests, affording still stronger 
confirmation of the views advanced in the text. 
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been formed over a part of the bottom, and of course the tadpoles chose the furrows rather 
than the ridges for making their holes. Another circumstance showed how their holes 
came to be arranged in lines more or less, even where there were no ripple marks. As the 
water became shallow, I found that the tadpoles would collect in great numbers just along 
the surface of the water, at its edge, and there of course would the work of excavation 
be most thorough. But as the water was constantly sinking, successive rows would thus 
be produced. In fact, until the rains destroyed this city, I could not see but all the 
phenomena on the rocks were reproduced. And I know that these cavities were formed 
by tadpoles, because I saw the animals at work in making them. And had the spot been 
so situated that a gentle influx of water, as by a tide, or a freshet, should bring in mud to 
fill the cavities before they were erased by the rains, they might have been preserved 
indefinitely ; and perchance sometime be converted to rock, such as the South Hadley 
shale, or the Niagara sandstone. As it was, I succeeded in obtaining two or three speci- 
mens of the mud with the depressions, and by hardening the surface with glue, they 
have been transferred to the Cabinet, where (as Nos. ^ and - 8 9 8 -) they lie by the side of 
the specimens on stone, and will afford naturalists an opportunity of judging whether I 
am justified in concluding that the fossil impressions were made by batrachians similar 
to those now living. I venture thus to regard them, till the contrary is proved : though 
by no means free from doubts as to the identity of the phenomena. For both concretion 
and aqueous action are by no means yet fully understood ; and I know that their effects 
are often marvellous. I have some specimens, evidently the result of aqueous action, 
which approach in character what I call Tadpole Nests, though much less perfect. Some 
of these latter are regular hexagons, like the cells of bees, and exhibit the like concentric 
arrangement. Often the filling in of mud a quarter of an inch thick, was sufficient to 
obliterate all traces of the cavities, and then we find frequently another set superimposed, 
and then several others perhaps, to the thickness of several inches: indicating, if my 
views are correct, that the same spot was occupied successive years by the same species 
of batrachians, as we know mud holes now are. 

These nests arc not, properly speaking, tracks, if made by tadpoles. But they prove the 
existence of these animals, just as the tracks do of the animals by which they were formed. 
And, therefore, it is appropriate to name, and as far as we can, describe them. This I 
shall do, under the genus Batrachoidcs, already named. The descriptions, however, must 
be very brief. 

Generic Character. — Animal a Batrachian, analogous to a species of Rana. 

Species 1. Batuachoides nidificans. (Nov. Sp.) 
[In the Cabinet, Nos. \, |, |, f, A, &, A. V. V. ¥• H> Hi ?!. H- Hi H Hi *»•] 
Animal forming rounded and sometimes polygonal cavities or nests in mud a little 
over an inch in diameter, and on the stone rarely more than the tenth of an inch deep, 
but evidently compressed vertically. 

An outline of three of these nests is given on Plate XXI., fig. 5. Fig. 7 of the 
same Plate shows also three samples of the nests made in mud by living tadpoles. An 
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ambrotype sketch of a slab, No. f |, in the Cabinet of B. nidificans is shown on Plate L., 
fig. 1, and figs. 3 and 4 show the same of the nests of recent tadpoles. (Nos. ^ and ^ & .) 
Fig. 1 gives a very accurate idea of these cavities. 

Locality. — South Hadley, in an old abandoned quarry a mile above the Falls, on the 
north shore of Connecticut River. Also in the brook near Mount Holyoke Seminary. 

Species 2. Batuachoidi:s antiqliok. 

[In the Cabinet, Nos. }§, |f] 

Nests generally circular, sometimes elongated, scarcely an inch in diameter, yet deep. 

Outline of three of these nests of the natural size, shown on Plate XXL, fig. 6, taken 
from No. -ft of the Cabinet, An ambrotype sketch of the whole specimen, ff, is given on 
Plate L., fig. 2. 

Locality. — In shale or sandstone connected with the Niagara group of rocks in New 
York, which belongs to the Upper Silurian, at Lockport and south of Lockport. 

Remarks. — If it be indeed true that the cavities in this rock were formed by tadpoles, 
then batrachians, analogous to those now on the globe, must have lived at that early period, 
a fact of which we have no other evidence in paleontology. But on recurring to Professor 
Hall's description just as I was finishing this account, (p. 92 of his Report,) I understood 
him as representing these capsules, which he calls little " knobs or incipient concretions," 
as having the convex side uppermost. If this be the case, they are quite different from 
the concavities on the South Hadley shale, which are always depressions, like the recent 
nests of tadpoles. If the New York specimens arc pustules instead of capsules, then they 
belong to a different class of phenomena from those at South Hadley. Yet there is a 
striking resemblance in the hand specimens from the two localities. I hope that the 
preceding descriptions will at least excite the attention of geologists to this curious 
subject. 

GjiNua II. — OTOZOUM, filtof, a giant, and Saor, an animal ; a giant animal, or animal giant.) 

Quadrupedal, four-toed behind, and five-toed before, web-footed, caudate,(?) toes 
thick, mostly terminated by pellets. 

Species 1. Otozoum Moodii. 
Otozoum Moodii. Fossil Footmarks of the United States, Plate XII., fig. 1. 
[In tho Cabinet Nos. }, {, f }, {, |, {, A. A. }•] 

Hind Foot. — Divarication of the lateral toes, 37° ; of the inner and second toe, 25° ; 
of the second and third, 4°; of the third and fourth, 11°. Length of the inner toe, 
commencing with the first phalanx, 8.5 inches ; of the second toe, 8.5 inches ; of the third. 
7 inches; of the fourth, 1.5 inches; of the foot, 19 inches; including the web, 20 inches, 
Breadth of the phalanges of the inner toe, 2.2 inches ; of the middle toe, 3 inches ; of the 
third, 2.6 inches ; of the fourth, 3 inches. Web extending some distance beyond the 
margin of the foot. Length of the step of the same foot, 30 inches to 51. Phalanges in 
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tlie three inner toes, three ; in the outer toe, four. Length of the proximal phalanx of the 
inner toe, 2.7 inches ; of the second do., 2 inches ; of the third do., 2 inches ; of the 
proximal phalanx of the second toe, 3 inches ; of the second do., 2.7 inches ; of the third 
do., 2 inches ; of the proximal phalanx of the third toe, 2.5 inches ; of the second do., 2 
inches; of the third do., 2.2 inches; of the proximal phalanx of the fourth toe, 1.8 inch; 
of the second do., 1.5 inch ; of the third do., 1.6 inch ; of the fourth do., 1 inch. Length 
of the first hone behind the roots of the two outer toes, articulated to both, 4 inches ; 
width of do., 5.5 inches. Length of the second metatarsal or tarsal bone behind, 3.3 
inches ; width of do., 4 inches ; length of the third do., forming the extremity of the heel, 
4.3 inches. Breadth of do., 4 inches. Length of the metatarsal or tarsal bone to which 
the two inner toes are articulated, 8 inches ; width of do., 3.5 inches. Length of the 
pellet of the second toe, 2 inches ; width of do., 1.5 inch ; length of the pellet of the 
third toe, 1.5 inch; breadth of do., 1.5 inch; length of the pellet of the fourth toe, 
2.3 inches ; breadth of do., 1.5 inch. Do. of the incurved claw of the inner toe, 2 inches. 
Axis of the foot turned outward about 10° from the median line. Distance of the middle 
of the heel from the median line, 2.5 inches. Tail stout, yet rarely dragging on the 
ground. Width of the trackway, 26.5 inches. 

Fore Foot. — Pentedactylous, pachydactylous ; toes turned outward. Length of the 
first or hind toe having apparently but one phalanx, 2.5 inches ; width of do., 2 inches ; 
length of the second toe, 3 inches; apparently but one phalanx; length of the first 
phalanx of the third toe, 1.3 inch; of the second phalanx, including a claw half an inch 
long, 2.3 inches. First phalanx of the fourth toe, 1.7 inch; of the second phalanx, 
1.8 inch; of the first phalanx of the fifth toe, 1.2 inch; of the second phalanx, 1.4 inch; 
of the third phalanx, 1.4 inch. Distance between the fore feet, 10 inches; right foot, on 
the only specimen in the Cabinet, is 6 inches in advance of the other. The position of 
one of these tracks is beneath the hind foot ; a fact showing that the animal brought up 
its hind feet fully into the place just vacated by the fore feet in walking. 

An outline sketch of the hind foot of this animal is given on Plate XXII. ; the 
fore foot is shown on Plate XXIIL, fig. 1, and a reduced outline of the slab, No. fa, 
which contains the fore feet, is shown on Plate XLVL, fig. 5. This will show the exact 
position of the front feet, which will strike the careful observer at once as being very 
much like that of Anomoepus major and minor, and the shape of the fore foot is similar 
in all these Bpecies ; but the hind feet are. very diverse. 

Plate XXXIII., fig. 4, represents a slab in the Cabinet, No. A, over 30 feet long, 
which has a row of eleven depressed hind-feet tracks of this animal, with a multitude 
of the tracks of the Brontozoum Sillimanium. By mistake the ninth track of this series 
got lost, and I substituted one in the vacancy obtained from another row, as the sketch 
indicates. 

Fig. 5 of the same Plate shows a row of nine similar tracks of Otozoum, with a 
still larger number of small ones, all in relief, being No. * of the same Cabinet. The 
three first tracks of this row, however, were not originally connected with the remainder ; 
but were placed in the same row at the usual interval between the tracks; and it hardly 
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conveys any error to regard them as originally thus arranged since several rows discovered 
at the same locality scarcely differ. Plate XLV., fig. 2, is an amhrotype sketch of the 
front part of a hind foot from Turner's Falls, showing the weh very distinctly extending 
heyond the toes. 

Localities. — South Hadley, two miles north of the village, on the road to Amherst, 
is the most prolific locality of the tracks of this extraordinai-y animal. They were here 
revealed in a small quarry, opened almost in the highway, for other purposes ; but in 
which excavations have been continued for scientific purposes. And as a row of the 
Otozoum tracks now lies uncovered in it, belonging, I believe, to Gilbert Smith, Esq., 
I thought it might be pleasant to have a sketch of it as a Frontispiece to this Report. 
For the sketch I am indebted to F. A. Lydston, Esq., of Boston, and the late Rev. Plinius 
Moody, of South Hadley. 

Turner's Falls at the ferry is another locality of these tracks. From the small size 
of some of the specimens there, I have suspected that they were made by a second 
species ; but my specimens are somewhat broken, and I leave it for others to decide 
this question. 

A third locality is at the Portland sandstone quarries, opposite Middletown in 
Connecticut. 'A slab several feet long, belonging to the Middlesex Company, shows two 
of these tracks in relief, and a multitude of the Brontozoum Sillimanium, looking in 
fact, like those from South Hadley, sketched on Plate XXXIII., figs. 4 and 5. From 
these quarries the fine specimen in Yale College was obtained, which is one of the best 
ever found. Another fine slab from the same quarries belongs to the Wesleyan University 
at Middletown, and it is only on one part of this slab that I have ever seen the trace of 
a tail belonging to this animal. It is possible that the trail may not have been thus 
made ; but such was not my conclusion when looking at it. 

Upon the whole, this animal appears to have been no stranger in the Connecticut 
Valley, since we find the traces of his abundant presence at the two extremities and in 
the middle of the great Ichnological Basin. 

History. — It is interesting to observe what progress has been made in tracing out 
the character of the tracks of this species. The hind feet were first discovered by Pliny 
Moody, Esq., of South Hadley, in the quarry in front of his house, exhibited in the 
Frontispiece. As observed in another place, Mr. Moody was the first person, so far as 
I know, who discovered and preserved as objects of interest, fossil footmarks, near the 
beginning of the present century ; and, therefore, when his neighbors were quarrying 
stone before his door, he noticed and secured several slabs, one of which he generously 
deposited in Amherst College ; and from which I was enabled to make out my former 
descriptions of this animal. It seems highly proper, therefore, that I should affix his 
name to the species as its discoverer. 

Until recently, however, the facts developed in the Moody Quarry as to this species 
showed only that it was a biped, with the right and left foot distinctly indicated, as it 
moved in several long rows over the surface. Not long after the publication of my first 
description of the animal, I discovered that all the toes, except the inner one, were 
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terminated by pellets, instead of claws ; the inner one, as the outline on Plate XXIL 
shows, having a strong blunt incurved claw. Next I found that the animal was web- 
footed, the web extending, if I mistake not, beyond the toes, as in the Omithorhynchus 
of New Holland, whose foot is shown on Plate VI., fig. 13. Recently, from a specimen 
owned by the Wcsleyan University, I infer that the animal had a tail. But still more 
important, its fore feet have been discovered and pointed out to me by the late Rev. 
Plinius Moody, son of the original discoverer. This gentleman (the son) has given a good 
deal of attention to fossil footmarks and shown great skill in distinguishing and collecting 
them. Through the liberality of Gilbert Smith, Esq., the specimen exhibiting the 
tracks of the fore feet of this animal, has been presented to the Ichnological Cabinet, 
and a sketch of it is given on Plate XL VI., fig. 5. The specimen which most decidedly 
indicates a web to the hind foot is from Turner's Falls, (No. -£-,) and a sketch of it is 
given on Plate XLVL, fig. 2, as already remarked. 

Nature of the Animal. — Prom these successive discoveries we may now conclude that 
this animal was a quadruped, with very unequal feet, and a tail, though of the existence 
of this appendage I am not certain. I must think that his hind feet were his principal 
organs of progression, and that he only occasionally brought his fore feet to the ground. 
I cannot otherwise understand, how we should have before us half-a-dozen long rows of 
tracks, most of them exhibiting every bone of the foot, and yet only in a single instance 
have found traces of a fore foot. And in this single case we find that the animal brought 
both his fore feet to the ground together, not as a quadruped does that uses his fore feet 
for walking, but for resting, or other purpose. Moreover, the exact alternation of the 
right and left hind feet in walking, agrees better with the movement of a biped than 
that of a quadruped, whose tracks show more irregularity in this respect. I think, 
therefore, that in its progression the Otozoum was a biped, whose tail only seldom 
reached the ground. 

Was the animal, then, a huge marsupial, like the kangaroo \ The general character 
of its feet looks that way. And then, if I have rightly distinguished between the phalanges 
and the metatarsal and tarsal bones of the feet, we have three phalanges in all the toes 
except the outer one, which had four. Three is the normal number for mammiferous 
animals, and it is merely possible, though not probable, that the outer toe had only three, 
for the impressions are quite distinct. Then the peculiar web of the foot, spread under 
it like a huge snow shoe, reminds us of a similar arrangement in the Monotremata, the 
lowest of the mammiferous class. 

But on the other hand, what shall we say of the pelleted toes, so characteristic of the 
batrachian family, and not found, I believe, in any of the mammifers? though in the 
monotremata the claws have some peculiarities of structure. 

Upon the whole, I have decided to place this animal among the Batrachians : but the 
facts above stated lead to the conclusion that it combined in its nature characteristics now 
distributed among several different families of animals. I have thought it not improbable 
that the Otozoum might have used its web-foot, as does the Ornithorynchus, for propelling 
itself through the water. It would serve, also, an important purpose in buoying up the 
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animal as it walked over the muddy surface ; and that its tracks were usually made above 
rather than beneath the water, is obvious from the fact that abundant rain-drops occur on 
the same surface as the tracks. 

It is a fact worthy of remembrance, that nearly all the quadrupeds revealed by the 
fossil footmarks, had fore feet much smaller than the hind ones. The inquiry hence 
arises, whether, if not all marsupials, they did not all partake largely of the marsupial 
type. It would not be surprising if future paleontologists should feel justified in placing 
nearly all those animals in the marsupial class, so as to make the Fauna of sandstone days 
like that now found in Australia, which, I believe, is nearly all marsupial, inclusive of the 
monotremata. 

Gesus III. — PALAMOPUS, (iml&fai, the palm, or the hand : and fw<c, the foot : a foot resembling the hand.) 

Hind foot palmated ; four-toed ; heel stout, bent outwards ; toes all directed forward. 

Species 1. Palamopus Clarki. 
Falamvpns Dananus of Fossil Footmarks of the United States, Plate XL, figs. 1, 2. 

[In the Cabinet, No. if<.] 

Hind Font. — Angle between the inner and outer toes, 67°; between the inner and 
second toe, 25° ; between the second and third, 30° ; between the third and fourth, 15°. 
Toes acuminate. Length of the toes, reckoned from the posterior extremity of the heel, 
commencing with the inner toe, 5.4, 6.5, 8.6, 6 inches. From tip to tip of the toes, in the 
same order, 2.5, 3.3, 3 inches. Width of the heel near its posterior part, 1.8 inch ; do. 
forward of the inner toe, 2.1 inches. Back part of the heel bent outward. Length of the 
foot, 8.6 inches ; do. of the step, 21 inches. Axis of the foot nearly coincident with the 
line of direction. Width of the trackway, 5 inches. 

Fore Foot. — About 3.5 inches long and 1.5 inch wide, on the only specimen in the 
Cabinet ; but the general outlines only are distinct. It is situated nearly midway between 
the two tracks of the hind foot. 

Outline sketch of the hind foot given on Plate XXIIL, fig. 2. A sketch of the 
whole slab containing this species is given on Plate XLIV., fig. 2. 

Locality. — Northampton, back side of Mount Tom, where it was discovered by Pro- 
fessor William S. Clark, whose name, therefore, it seems proper, should be attached to 
it, even though I exclude another name, which I have always delighted to honor. I have 
tried in vain to find the layer of rock at the locality from which the slab in the Cabinet 
was taken, and therefore my description is meagre. But the tracks of the hind feet are 
too distinct to be mistaken, and too unlike any others to be confounded with them. 

Remark. — A sort of general resemblance of the tracks of this species to those of 
frogs has led me to place it among the Batrachians. Yet the toes are pointed, not 
pelleted, and there are lizards whose feet do not differ much from this, except that here 
we have but four toes. In this last respect this track, if it were made by a hind foot, 
corresponds best to the Croceodilian group, and there perhaps I ought to have placed it. 
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Genus IV. — MACROPTERNA, (faxnk, long, and a heel.) 

Heel long ; front and hind foot unequal in size ; the hind ones four-toed ; the front 
ones five- toed. 

Species 1. MACROPTERNA VULGARIS. 

Ornithoidichmites Rogersi. Transactions of the American Geological Association, 
Plate 11, fig. 7. 

Ornithoidichnites minimus in part. Massachusetts Geological Report, Plate 42, fig. 30, 
and Plate 45, fig. 41. 

Macropterna Rhynchosauroidea. Fossil Footmarks of the United States, Plate XV., 
fig. 9. 

pn the Cabinet, Nos. y, ¥> ¥. ». If ¥- M> H. If If. fi If. tt- ih H< Ih ft If. tt. ¥• ?8. ¥. li. f i. !!• V. V, 

ih ib ilil H-H-] 

IZtnd _Foo£ — Tetradactylous, leptodactylous. Divarication of the lateral toes, 80°; 
of the inner and second, 30° ; of the second and third, 20° ; of the third and fourth, 30°. 
Length of the toes, reckoning outward, 0.2, 0.35, 0.5, 0.5 inch. Length of the heel, 
0.6 inch; of the foot, 1.1 inch; of the step, right and left hind foot, 1.8 inch; track to 
track of the same foot, 4 inches. Axis of the foot in walking turned outward from the 
median line, from 10° to 20°. Distance of the heel from that line, 0.4 inch. Width of 
the trackway, 2 inches. 

Fore Foot. — Pentedactylous ; outer and inner toes opposite. The two inner toes 
longest, ahout 0.35 inch; hind toe shortest, 0.15 inch; second do., 0.25 inch; third do., 
0.30 inch. Heel visible on the track, about the length of the hind toe. Fore foot placed 
in walking a little in advance of the hind one, about the same distance from the median 
line ; but the axis turned more outward. 

Outline tracks of the hind and fore feet, shown on Plate XXIII., fig. 5. An 
ambrotype sketch of ■ a fine row, No. shown on Plate XLIX., fig. 6. Fig. 7 of 
Plate XL VIII. shows a specimen of the same. Plate LIL, fig. 3, represents one of 
the volumes in the stony library, which I presume to belong to this species, although 
quite possibly it may be another species. On Plate XXXVII., fig. 4, is exhibited a 
splendid slab procured by the late Dr. John C. Warren, and now owned by his sons. 
Dr. Warren before his death obtained a painting of this slab of full size, which his son, 
J. Sullivan Warren, Fsq., generously permitted me to copy. Having, however, obtained 
an accurate outline of the tracks of this species, from other specimens, instead of delineating 
the imperfect ones on the slab as defective, I have represented a perfect one wherever I 
found a track at all. 

Plate LIX., fig. 5, exhibits an ambrotype sketch of the fore and hind foot, from as 
perfect a specimen as we have in the Cabinet. 

Plate XXXV., fig. 9, is a representation of a very imperfect row of these tracks 
with the serpentine trace of a tail, furnished me by Roswell Field, Esq., from a specimen 
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in his collection. To show this tail was the great object in giving the sketch, and though 
the species may be doubtful, this trace is not. The oscillatory movement of the tail, as 
stated in another place, was occasioned in my opinion by an unusually rapid rate of 
progression. 

Localities. — Turner's Falls furnishes the best specimens; both below the Foils, 
where Mr. Marsh found it, and at Lily Vend, where Dr. Warren's fine slab was obtained 
by Mr. Field. It occurs, also, on the red shale of WetliPrsfield, and the gray shale of 
South Hadley, a mile and a half north of the church. 

Species 2. Macropterna divaricans. 
Sauroidichnites palruatees. Massachusetts Geological Report, Plate XXXIV., fig. 16. 
Macropterna divaricans. Fossil Footmarks of the United States, Plate XV., fig. 7. 

[In the Cabinet, Nos. f, ih ih ih ¥- ¥> ft ft ft] 

Hind Foot. — Tetradactylous ; divarication of the outer toes, 90°; of the inner and 
second toe, 20° ; of the second and third, 30° ; of the third and fourth, 40°. Length of 
the inner toe, 0.5 inch; of the second, 0.6 inch; of the third, 1 inch; of the fourth, 0.6 
inch; of the heel, 1.8 inch; of the foot, 2.8 inches; of the step, 3.3 to 7 inches. Width 
of the heel, average, 0.45 inch. Distance from tip to tip of the toes, commencing with the 
inner one, 0.4, 0.65, 0.65 inch. Feet and toes turned outward, sometimes almost at right 
angles. Distance between the heel and the median line, 0 to 1 inch. Width of the track- 
way, 3 inches. 

Fore Foot. — Five toed ; four toes diverging at nearly equal angles, so as to form the 
radii of a semicircle whose diameter is about 0.6 inch. A fifth inner toe is short and 
scarcely makes an impression in walking. A very short heel is, also, to be seen sometimes 
on the track. Position of the fore foot in walking, about half an inch in advance of the 
hind one. Axis of the foot turned somewhat outward. Not far from the median line. 

Remark. — The specimen from which I derive this description of the fore foot is 
remarkably distinct as to the toes, but the heel is nearly wanting both before and behind. 
It is, also, less divaricate, as to the hind feet, than the specimen from which the hind foot 
was described. Perhaps the former, which is No. of the stony volumes, figured on 
Plate LOT., fig. 4, is a different species from the latter. 

Outlines of both feet are given on Plate XXIII., fig. 7. 

Localities. — Turner's Falls, below the cataract, where it was discovered by Dexter 
Marsh. Also at lily Pond. The fine specimen of this species formerly in Professor 
Siiepard's Cabinet at Amherst, from which my description in Fossil Footmarks of United 
States was taken, has been sent by him to the British Museum. 

Species 3. Macropterna uracilipes. (Nov. Sp.) 

[In the Cabinet, Nos. f j, »|, {».] 

Hind Foot. — Tetradactylous. Divarication of the lateral toes, 90° ; of the inner and 
second toe, 40° ; of the second and third, 25° ; of the third and fourth, 25°. Length of 
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the toes, reckoned outwards, 0.15, 0.25, 0.3, 0.25 inch ; of the heel, 0.25 inch; of the 
foot, 0.5 inch; of the step, from track to track of the same foot, 1.5 to 1.9 inch. Tracks 
turned hut slightly outward from the median line ; distance from that line, 0.3 inch. 
Width of trackway, 1.2 inch. 

Fore Foot. — Tetradactylous ; form of the foot the same as that of the hind foot, and 
divarication of the toes about the same. Length of the foot, 0.35 inch ; width of do., 
0.2 inch. Position of the fore foot, half an inch in advance of the hind one. 

Outline of both feet shown on Plate XXIII., fig. 6. A row of the same is shown on 
Plate XXXIV., fig. 1, copied from No. || of the natural size. 

Locality. — From Turner's Falls, at Lily Pond. 

Remarks. — I think that all the species of this genus have four toes on the hind foot, 
and five on the fore foot, though the fifth has not yet been discovered on the two last 
species. But the shortest toe is generally difficult to discover, or rather the trace of it, if 
any remains, is not easy to find. If I am correct as to the number, the animal seems to 
have been allied to the crocodilian type. 

Gexus V. — CHEIROTHEROIDES, (/e^, the hand, Bqftor, a wild beast, and £?<Joc, an appearance: an 
animal looking like the Cheirotherium.) 

Feet unequal; four toes behind and five before; the three inner toes terminated by 
pellets ; the others blunt. 

Species 1. Cheirotiieroides pilulatus. (Nov. Sp.) 

[In the Cabinet, No. f {.] 

Hind Foot. — Tetradactylous ; toes all pointing forward. Divarication of the outer 
toes, 40° ; of the inner and second toe, 10° ; of the second and third, 15° ; of the third 
and fourth, 15°. Length of the toes in an outward order, 0.4, 0.55, 0.7, 0.7 inch; of the 
heel, 0.2 inch ; of the foot, 0.9 inch ; of the step, from track to track of the same foot, 
2.5 inches ; but often very irregular. Axis of the foot turned outwards from the median 
line, 20° to 30° ; but often irregular in position. Distance between the rows of tracks 
made by the feet in opposite sides of the body, 1.2 inch. Three inner toes terminated 
by pellets ; or perhaps pelleted claws, for an impression often remains on the rock 
like a claw, but rounded at its extremity : outer toe having neither claw nor pellet. Outer 
toe somewhat curved inwards. "Width of the trackway, 2.25 inches. 

Fore Foot. — Pentedactylous ; the three inner toes with pellets; the two outer ones 
destitute of claws and pellets. Axis of the foot turned outward from the median line 
almost at right angles. Distance between the right and left foot, 1.8 inch. Length of 
the toes in an outward order, 0.15, 0.3, 0.35, 0.25, 0.15 inch. Divarication of the first 
and fifth toe, nearly 180°; the others dividing the included arch about equally. Length 
of the tracks, 0.45 inch ; width of do., 0.45 inch. 

An outline sketch of both the hind and fore feet is given on Plate XXIIL, fig. 4, 
from a very perfect specimen belonging to Roswell Field. Fig. 3 of the same Plate 
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was taken from a specimen in Professor Shepard's Cabinet at Amherst. The hind foot 
of this shows a fifth toe, and had I other specimens to make it quite sure that such a 
toe exists, (of which I have some doubts,) I should bring this track under the European 
genus Cheirotherium ; no other example of which coming so near to this, have I ever 
found, relicts, also, appear on two of. the toes of this specimen, and I am not aware 
that these occur upon the tracks of the Cheirotherium. For the present, therefore, I 
think it safer to leave this specimen under Cheirotheroidcs, though from the great 
perfection of the specimens before me, I cannot believe that a fifth toe will be found in 
the hind foot of that genus. 

Plate XXXVL, fig. 6, is a reduced outline of a beautiful slab of this species (No. f-f) 
in the Cabinet, from which several of the preceding characters were derived. These tracks, 
as they stand upon the slab, have more the aspect of those of a frog, than any I have 
ever seen upon stone, yet they have the peculiarity of pointing outward, whereas the 
common frog of our day turns the toes of his fore foot inwards, as may be seen on Plate 
LIV., fig. 3. And moreover, the frog has only four toes upon his front foot. Yet the 
discovery of Professor Wyman, noticed in another place, of a fossil batrachian with five 
front toes, shows that this character may not have been the same in sandstone days. I 
must, therefore, think that the species I have now described comes nearer to the modern 
frog than any other which I have seen. 

Locality. — Lily Pond, where it was brought to light by Mr. Field, is the only known 
locality. 

Genus VI. — SHEPARDIA. 

Feet unequal ; four to five-toed. Toes behind, connected by a web reaching nearly 
to their extremities. 

Species 1. Shepardia palmipes. 

[In tlw Cabinet, No. |ff] 

Hind Foot. — Four, perhaps five-toed: all pointing forward. Divarication of the outer 
toe, 37°; of the inner and second, 10° ; of the second and third, 13°; of the third and 
fourth, 14°. Length of the toes, reckoning outwards, 0.6, 1.0, 1.2, 0.9 inch. A projection 
occurs on the outside which is short and blunt, but may be a fifth toe, or the rudiment of a 
toe. Width of the broad heel, 0.75 inch. Axis of the foot turned somewhat outward 
from the median line. 

Fore Foot. — Pcntedactylous ; toes turned more outward than those of the hind foot. 
Divarication of the outer toes, 105° ; of the inner and second toe, 30° ; of the second and 
third, 25° ; of the third and fourth, 20° ; of the fourth and fifth, 30°. Length of the toes, 
reckoning outwards, 0.4, 0.7, 0.9, 1.0, 0.4 inch. Width from tip to tip of the lateral 
toe, 0.7 inch. The longest toes a little curved outwards. Position of the track a little in 
advance of that of the hind foot. 

Outline of these tracks shown on Plate XXIV., fig. 2. 

Locality. — Turner's Falls, below the cataract, where it was found by Dexter Marsh. 
17 
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Remarks. — The specimen from which the above description was taken, is in the 
Shepard Cabinet at Amherst, and I think we have only a doubtful one in the Ichnological 
Cabinet. As only one hind and one fore foot are shown on the slab, the description is 
imperfect. The web is its most striking peculiarity ; but it has other distinctive marks, as 
a comparison of its outline with that of others, will show. Professor Emmons has figured 
a specimen, in his work on Geology, from the State Collection at Albany, purchased of the 
estate of Mr. Marsh, which appears to me to belong to the same genus. But I have not 
access to his work at this time. 

I have dedicated this genus to my friend, Professor Charles U. Shepard, LL. D., as 
a testimony of my respect for his scientific character and labors, and especially for his 
extraordinary industry and success in collecting one of the most splendid cabinets of simple 
minerals, meteorites, and organic remains, in our country. 

Genus VII. — LAGUNCULAPES, (Laguncula, a small flask, and Pes, a foot.) 

Feet alternating when walking ; toes, four, swelling towards the extremity, so as to 
resemble small flasks. 

Species 1. Lagunculapes latus. (Nov. Sp.) 

[In the Cabinet, Kos. |f, || (bis).] 

Feet alike; tracks on opposite sides of the animal more or less alternating. Toes, 
four, the outer ones spreading at least 180°. Angle between the inner and second 
toes, 50°; between the second and third, 70°; between the third and fourth, 65°. 
Length of the toes, reckoning in an outward order, 0.5, 0.55, 0.8, 0.6 inch. From tip 
to tip of the toes in the same order, 0.5, 0.9, 0.75 inch. Length of the foot, 0.85 inch ; 
breadth of do. 1.25 inch. Toes swelling out towards their extremities, and having a 
rounded termination, without claws, or pellets, so as to resemble small flasks, whose 
greatest diameter is 0.2 inch. Length of the step, from track to track on the same side, 
4.1 to 5.1 inches; reckoning on the alternate tacks, 3 inches. Tracks turned somewhat 
outward from the median line, and distant from it, 1.25 inch. Width of trackway, 
3 inches. 

Outline of the track of this species shown on Plato XXIV., fig. 1 . An ambrotypc 
sketch of a slab of this species is shown on Plate XLV., fig. 4. 

Locality. — Turner's Falls; found by Mr. Field, in a gray micaceous sandstone 
resembling mica slate. 

Nature of the Animal, — It might have been a biped; but the number of toes and 
the width of the body make it improbable that it was a bird. The shape and number 
of toes agree better with lizards or batrachians than with birds, as does also the absence 
of claws and pellets. I put it, therefore, among the Batrachians ; presuming rather, that 
a fore foot may bo discovered. But if not, the animal might have resembled the banded 
Proteus, whose tracks are shown on Plate VI., fig. 7. The Proteus, like the Lagunculapes, 
had four toes on its feet. Yet the flask-shaped aspect of the toes agrees better with 
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certain lizards, such as the Anolis. (Sec Fossil Footmarks of the United States, Plate XX., 
fig. 7.) Here we have that blending of the characters of different existing classes, which 
so often meets tis in our ichnological researches. In giving the animal a place among 
the Batrachians, 1 have given the precedence as evidence to the number of toes over 
their form. So distinct and well pronounced are the toes, that I can hardly believe a 
larger number will be discovered. 

Genfs VIII. — SELENICHNUS, (<re).ij>'i;, the moon, and f/ras, a track; the moon-shaped track.) 

Animal caudate, with two (possibly four) feet; when walking, the feet make an 
impression with the tail, which resembles the rachis of a plant with alternate falcate 
branches. Body of the animal very narrow ; feet plantigrade. 

Species 1. Selenichnus falcattjs. (Nov. Sp.) 

[In the Cabinet, No. \«.] 

Middle toe much the longest, and curved inwards towards the median line. Outer 
toe the next shortest, and curved inward. Inner toe rarely distinct from the others on 
the track. Length of the toes, reckoning from the extremity of the heel and in an 
outward order, 1.4, 2.8, 2.2 inches. Length of the step, measuring from track to track 
of the right and left feet, 3.5 inches ; measured from track to track of the same foot, 
6.5 inches. Width of the foot, 0.7 inch. Versed sine of curvature in the middle toe, 
0.25 inch; toes rounded at the end. Trace of the tail continuous and nearly straight; 
width, 0.2 inch. Heel of the foot in walking brought usually upon the median line ; 
the axis of the foot turned outward from 10° to 20°, so as to give the whole line of 
tracks strikingly the appearance of the stem of a plant with alternate branches or leaves. 
Width of the trackway, 2.5 inches. 

An outline sketch of a track of this species is shown on Plate XXIII., fig. 8. A 
reduced outline of a row of fifteen of these tracks is given on Plate LX., fig. 8. 

Locality. — Turner's Falls at the Ferry, where it was obtained in the fall of 1857, 
by Roswell Field, Fsq., and the slab containing the tracks belongs to him. 

Remarks on the Nature of the Animal. — One familiar with tracks cannot look at 
Mr. Field's specimen without perceiving that it is different from any thing hitherto 
discovered. So far as yet appears, it was a biped ; and so distinct and deep are the tracks, 
(though the minuter parts of the foot are not well exhibited, but are blended together, 
as if the mud were too yielding,) that it seems difficult to suppose we should not find 
traces of the fore feet, had they existed. Yet I presume the animal had fore feet, probably 
quite small ; for it is difficult to conceive how a caudate animal with so narrow a body 
could have walked so nearly on a line. Did not the tracks alternate so regularly, we 
might consider its structure to be analogous to that of the Proteus. Such an animal, 
however, could not walk upon a line, or rather its feet would be farther spread apart. 
The long middle toe corresponds well with that of some lizards ; but the number of toes 
(a point not well settled) brings it rather among the Batrachians, and I have placed 
it there, among the Salamanders. 
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Species 2. Selenichnus hreviuscumjs. (Nov. Sp.) 

(The description of the preceding species will answer for this in its leading char- 
acters ; 1 add only a few that may he distinctive.) 

Angle between the axis of the foot and the median line, 0° to 10° ; length of the 
foot, 1.8 inch; width of the same, 0.5 inch; width of the tail trace, 0.1 inch. Length 
of the step, of the alternate tracks, 1.6 to 2.3 inches; of the same foot, 3 to 4 inches. 
Width of the trackway, 1.5 inch. 

An outline sketch of the track of this species is given on Plate XXIII., fig. 9. 
A row of seventeen tracks is shown on Plate LX., fig. 7. 

Locality. — Turner's Falls at the Ferry, found in connection with the preceding 
species, and may perhaps be the young of that species. But the disparity is great, and 
I think a difference of size is not the only one. But the specimen of this last species 
is less distinct as to the parts of the foot than that of the other. 

I strongly suspect, from a hasty examination, that the sketch on Plate XXV., fig. 9, 
referred to Macropterna vulgaris, is a Selenichnus, — the S. breviusculus. If so, we have 
in that specimen fore feet. But as I only examined this and all the specimens in 
Mr. Field's Cabinet of the Selenichnus for a short time, I feel in doubt. One wants 
specimens of this sort near him for some time, that he may re-examine them again and 
again. Nothing but a want of means prevents me from securing for the Appleton 
Cabinet at least one specimen of all the species described in this Report, that others 
may correct my mistakes and misappi'ehensions. But I perceive that I shall be obliged 
to describe a few species from specimens possessed by others. 

lNCERTJE SEDIS. 

As already stated, this phrase implies that the animals described under it have no 
characters by which we can fix their place among living tribes. The following anomalous 
genera I place hero till more light is thrown upon their relations. 

Genus IX. — HOPLICHNUS, (A*|, a hoof, and frMf, a track ; the hoof track.) 
Quadrupedal ; hind feet somewhat the largest ; track hoof-shaped. 

Species 1. HoPUCHNTjS equus. (Nov. Sp.) 

Tracks described and figured by Br. Cotta from Pobig in Saxony, in 1839, without a 
name. American Journal of Science, Vol. 38, p. 255. 

Chelichnus gigas, of Sir William Jardine ; Ichnology of Anandale, Plate I. 

Remarks. — I have not probably any specimen of the track of this species ; but 
No. Y has on it a remarkable cavity, three inches deep, and fourteen inches in its longest 
diameter, which I have reason to suppose was made by the posterior part of the body of the 
animal. For at the Middlesex Quarry at Portland, Connecticut, I saw (November, 1857) 
a huge slab, weighing I doubt not at least two tons, and which could not be reduced, having 
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on its surface this same ovoidal depression between two rows of tracks of Iloplichnus. A 
similar specimen, too heavy to he put into a Cabinet, I shall describe as I proceed to give 
the character of the species. 

Description. — Imprint of the foot almost exactly like that of a horse with shoes, 
viz.: a ring-like depression about the size of a small horse shoe, with a somewhat oval 
elevation within, showing that the under side of the foot was hollow. Xo claws have made 
an impression. But a sort of trail runs backward frequently from the two posterior 
extremities of the track, extending several inches, and they converge so as to unite and 
terminate in a point. I formerly thought this might proceed from a slight current of water 
passing by the raised sole or pad of the foot : but I find it on almost every track, and, 
therefore, presume that the foot struck the ground before it had reached the spot where it 
was planted. Hind foot somewhat the smallest; the two feet placed near together, 
succeeded by an interval of 40 to 48 inches, which I consider the length of the step. 
Distance between the two rows of tracks, 24 inches. On the median line is a depression 
seven inches in diameter, not a little resembling a huge track, and showing a similar trail 
behind it, which extends four or five feet. This I must regard as a caudal appendage, and 
the cavity as made by the posterior extremity of the body, or perhaps by the caudal 
appendage. It has already been stated that a similar and still deeper depression occurs on 
No. from the Portland quarries, which is repeated at the distance of 27 inches, and on 
a slab which I left at the quarry, a depression of this sort was connected with the tracks of 
this species, as at Deerfield on the slab figured on Plate XXIV., fig. 5. Width of the 
trackway, 27 inches. 

The outline of the fore and hind feet of this species are shown on Plate XXIV., figs. 
3 and 4 ; though I am not sure which is the fore and which the hind foot. As just 
intimated, fig. 5 was copied, without attempting entire accuracy, from a slab of huge 
dimensions lying in the portico of the kitchen of Mrs. Mary Nims, of Deerfield, which is 
too large and heavy I fear to find a place in any Cabinet, 

Localities. — The slab just named was brought from the Horse Race locality in Gill. 
The Portland quarries afford the same species I think ; but there too, the slab containing 
the best specimen, was too heavy to think of ever removing it to a cabinet. The specimen 
at Deerfield, however, will probably retain its place for generations, and I trust that others 
may be brought to light at Portland. 

Remarks. — I can hardly doubt that this genus is the same as the Chelichnus of Sir 
William Jabdine, and probably this species may be the same as his C. gigas. The 
specimen which he showed me at Edinburgh in 1850, 1 recognized at once as my Iloplichnus, 
though it was of a smaller species than the C. gigas. But in his Ichnology of Anandale, 
he has described the Testudo Duncani of Owen as a species of Chelichnus, although it has 
distinct claws. I saw the fine specimen of this species in the Ashmolean Museum at 
Oxford, which is figured by Dr. Buckland in his Bridgewater Treatise, and it seemed to me 
to be quite a different genus from my Iloplichnus, which never shows any toes or claws, 
Probably they existed, and the suggestion of Sir William that they were prevented from 
leaving an impression by a membrane beneath the bones which reached beyond the claws, 
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like that of the Ornithorhynchus, is certainly quite probable. But the absence of this 
membrane, so that the toes or claws would leave an imprint, I should consider a sufficient 
difference to constitute another genus, as it certainly would be among living animals. I 
shall not, therefore, regard his Chclichnus Duncani as a synonym of my next species. 

Species 2. Hopliciijsus polemics. (Nov. Sp.) 

Hopliclmus quadrupedans. Fossil Footmarks of the United States, Plate XVI., figs. 7 
and 8. 

[In the Cabinet, Nos. »,«, A,', y.] 

Ring-like depression varying in its shortest diameter, from 1.76 to 2.1 inches; in its 
longest diameter it varies from 1.75 to 2.5 inches. Width of the ring from 0.25 to 0.6 
inch. Width of the hollow in the bottom of the foot, 0.9 inch. Tw o faint shallow furrows 
extending backward from both ends of the semicircular ring of the tracks, and uniting at a 
small angle into one. Fore and hind foot placed near together when walking ; succeeded 
by an interval of nearly a foot, which is the length of the step. Distance between the two 
rows of tracks, about five inches. Tracks of the fore and hind foot unequal in size ; the 
fore foot probably the largest, but I am not certain which is the fore foot. Width of the 
trackway, 7 inches. 

An outline of the tracks of this species is shown on Plate XXIV., figs. 6 and 7. An 
ambrotype sketch of specimen No. is given on Plate XLVJJLl., fig. 9. 

Locality. — I have never seen this species any where else save at Turner's Falls at the 
Ferry, where it was got out by Dexter Marsh. 

Remarks. — This species differs from the H. equus but little except in size, though it 
has never shown on any specimen of tracks a caudal or abdominal impression like the H. 
equus ; nor is it as wide, in proportion to its size, between the rows of tracks. The larger 
species remind one of a full grown horse's tracks ; the small one of a colt, and hence the 
specific names, — the first meaning a horse; the other a colt. 

In one or two of the tracks of the H. poledrus, we find several depressed spots in the 
ring that may indicate toes, but no claws. But whether the toes arc shown or not, I cannot 
doubt their existence ; for otherwise we must suppose the animal to have been one with a 
solid hoof. This would be an extremely improbable, though I will not say impossible 
hypothesis. But admitting it to have been a quadruped with toes, concealed by a wide 
web, what could have been its nature? The Scottish tracks allied to those of the 
Hopliclmus, Sir William Jaudine seems inclined to refer as the generic name Chclichnus, 
implying Chclonians or Tortoises. But one character in our tracks, (which is not the 
same in the Scottish tracks, unless in the C. gigas to some extent,) I mean the great length 
of the animal's stride, is different from what any living tortoise could form, and it leads us 
rather to the mammiferous class, as most likely to leave such lines of tracks. But in either 
case, what shall we do with the caudal or abdominal impression 1 Then, if the animal had 
a web beneath, and extending beyond its toes, our thoughts recur to the Monotremata, 
where the duck-billed Platypus, or Ornithorynchus, has such a foot. But the Hopliclmus 
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must have had legs much longer proportionally. At present I think it better to leave these 
animals among those of the ineerta scdis — whose place is not settled. 

M. Cotta, in his account of the tracks in Saxony, evidently similar to the above, 
supposes the foot to have been didactylous, and consequently that the animal moved in a 
direction opposite to that we have supposed. I am not aware of any analogous feet among 
living animals ; but there are some things on our tracks that would favor such a supposition. 
I refer particularly to that sort of trail that proceeds from the tracks and the middle 
impression, which, on such a view, might be explained by supposing that the feet and tail 
dragged for a time after the animal lifted them up. I think too that the smallest foot is 
usually behind the other, if the animal moved in the direction I had supposed ; whereas in 
most cases the smallest foot is in advance of, or at least as much advanced, as the large one ; 
so that I think this suggestion of M. Cotta deserves attention, yet in Saxony he foimd no 
rows of tracks, but only isolated ones. 

Genus X. — SALTATOR, (the leaper.) 
Animals small ; moving generally by leaps. 

Species 1. Saltator biped atus. (Nov. Sp.) 
[In the Cabinet, Nos. § t, Jf .] 

Didactylous. Eight hand track, 0.3 inch long ; left hand, 0.25, or not making so full 
an impression. Toes 0.1 inch wide, rounded at both ends; slightly divaricate ; 0.2 inch 
apart at the heel; animal moving in a right line; length of the leap, 1.25 inch. Width 
of the trackway, 0.3 inch. 

An outline of the only specimen of this species in the Cabinet, showing a row of 
three leaps, is given of the natural size, on Plate XXIV., fig. 8. An ambrotype sketch of 
the whole slab is shown on Plate LI., fig. 7. 

Locality. — Turner's Falls, I think on Mr. Field's farm. 

Nature of the Animal, Sfc. — Though the tracks of this species are distinct, and on 
a surface that would almost certainly retain the slightest markings, yet of the nature 
of the animal I can scarcely offer a conjecture. The tracks have the aspect of those 
made by a mouse, or small squirrel, leaping along in fresh snow; and I can conceive 
that the leaps of a jerboa (deer mouse) would show a still closer resemblance. Hut 
whether the Saltator had more than two feet, or whether the two impressions were not 
rather made by the toes of one foot, rather than feet, I am unable to decide. Their 
almost exact resemblance, as to relative position, favors the idea of toes rather than feet ; 
but in that case we must imagine the animal moving along upon one foot, which is 
improbable; and then, a small animal moving by leaps preserves its hind feet almost 
exactly in the same position. I have, therefore, made the specific name conform to the 
idea of feet rather than of toes. But whether the animal was a small quadruped, or 
perchance an insect, I have no settled opinion. 
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Species 2. Saltator caudatus. (Nov. Sp.) 

[In the Cabinet, Xos. J, §.] 

Impressions of the animal's feet upon the mud, rounded, or somewhat elliptical dents, 
not more than the thirtieth, or the twentieth of an inch, in diameter. Where the animal 
rested, we find five of these, and sometimes what seems to have hcen a tail behind, 
0.4 inch long. As the animal advanced, only three, and sometimes only two of his feet 
made an impression, the dents being arranged in the form of a triangle, sometimes oblique 
angled, sometimes rectangular, and sometimes equilateral. Length of the leap, 0.8 to 
1.1 inch. Width of the trackway, 0.3 inch. 

Plate XXIV., fig. 9, is a copy of the natural size of the tracks of one of the best 
specimens of this species. Fig. 10 shows another, on No. J, which might more properly be 
regarded as a variety of S. bipedatus, or more probably, a third species ; for it is too small 
for the S. bipedatus, and the tracks are not arranged like those of S. caudatus, although it 
seems to have had a tail. 

Locality. — Turner's Falls, at Lily Pond, on the same slabs wiiich show the tracks 
of Gigantithcrium caudatum and minus. 

What urns the Nature of this Animal? — I feel entirely incompetent to throw any 
light on this question. I dare not say even how many feet the animal had ; for I find 
five impressions where the animal seems to have rested, and hence it may have been an 
insect. I have even fancied that the common black cricket, so frequent in the autumn, 
might leave an analogous set of impressions at its successive leaps and occasional pauses. 
But its leap would be five times greater than that of the saltator caudatus ; if, indeed, 
the latter leaped at all. But I will not multiply useless words. And yet the characters 
of this species seem so trenchant and peculiar, that I cannot doubt its true nature will 
be hereafter made out satisfactorily. I think the difficulty lies in our ignorance of the 
manner in which the smaller animals move over the surface. 

GROUP VII. — CHELONIANS OR TORTOISES. 

Remarks. — I can hardly doubt that tortoises must have been common during the 
sandstone era of the Connecticut Valley, and yet this is one of the most unsatisfactory 
of all the Groups I have attempted to describe. For it is very difficult to distinguish 
between the tracks of Chelonians and those of Lizards and Salamanders. I have referred 
a few species to Chelonians, first on the ground that their legs turned a good deal outward 
in walking ; secondly, because they had wide bodies ; and thirdly, because they sometimes 
left traces of the dragging of their feet through the mud so as almost to obliterate the 
tracks, and also traces of a tail and a shell or carapace. 

Genus I. — ANCYROl'US, ($»'xi^t«, an anchor, and nov;, a foot; the anchor-like foot.) 
Fore feet much the most slender. Toes very much curved outward from the line 
of direction. Tracks in parallel rows, wide apart. 
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Species 1. Ancyhopus heteroclitus. 
Sauroidichnites heteroclitus and Jacksoni. Massachusetts Geological Report, Plate 30, 
figs. 2 and 3. 

Ancyropus heteroclitus of Fossil Footmarks of the United States, Plate XV., figs. 3 
and 4. 

[In the Cabinet, Nos. il H H> II. M> U< tt> ¥> VO 

Hind Foot. — Four (probably five) toes; one pointing inward from near the extremity 
of the heel, almost at right angles to the axis of the foot, the rest pointing forward and 
very much curved outward. Length of the hind toe, which is straight, beyond the heel, 
0.5 inch ; difficult to determine the length of the others, on account of their curvature 
and coalescence. Width of the heel, 0.7 inch. Length of the foot, 2 inches. Toes 
slender and lifhy, with acute terminations. Versed sine of the outward curvature of the 
toes, from 0.4 to 0.7 inch, which is larger in proportion to their length, than in any 
other track in the Cabinet. Length of the step from track to track of the same foot, 
4.5 to 5.5 inches. Distance between the rows of tracks, 6 to 7 inches. Axis of the 
tracks nearly parallel to the median line. Behind the heel a rounded process has made 
an impression on the mud, whose nature (unless it be a process of the tarsal bones) I 
am unable to conjecture. Some peculiarity of structure must also have existed on the 
outer posterior extremity of the heel, which caused the mud to form a rounded eminence 
above the general surface, probably by suction. Width of the trackway, 6.5 inches. 

Fore Foot. — Toes four, perhaps five; one of them proceeding from the end of the 
heel inward at right angles to the heel, 0.6 inch in length ; the others directed forward 
and curved outward almost into a semicircle ; the versed sine being fully equal to that 
on the hind foot. Width of the heel, 0.3 inch. Curved inward strongly. Behind the 
part of the heel that impressed the mud, the same peculiarity exists in the leg as in the 
hind foot, causing an elongated elevation beyond the heel. Length of the foot, exclusive 
of this elevation, 2 inches. Position of the fore foot in walking, almost directly in front 
of the hind one, and on the same line. 

An outline of the hind foot of this animal is given of the natural size on Plate XXV., 
fig. 3 ; and of the fore foot, on fig. 4. An ambrotype sketch of the hind foot is given 
on Plate LIIL, fig. 1 ; and of the fore foot on fig. 2. These specimens, however, Nos. \\ 
and -YS are stony volumes, the first with three, and the latter with four leaves. The 
sketches can of course exhibit only one opening of the leaves. 
Locality. — On the gray shale of Wethcrsficld Cove. 

Affinities. — The great width of the body, the shortness of the steps, and the outward 
curvature of the toes, seem to correspond better to Chelonians than to lizards, or 
Salamanders. Yet the slenderncss and lithiness of the toes is remarkable, and whether 
it has any parallel in living tortoises, I am ignorant. I think it will turn out, that the 
number of toes, especially behind, is five, which in fact I think I can discern upon some 
specimens, though those from which the drawings were taken, do not show them. The 
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mud on which the animal trod must have been very fine and plastic, and probably it 
sunk deep and the sides more or less collapsed. The hind toe on the fore foot shows 
itself only on an upper layer, above where the rest of the track is most distinct ; a fact 
which I have noticed under Apatichnus. 

Gentjs II. — CHELONOIDES, (;rli>i, a tortoise, and fMoc, appearance; resembling a tortoise.) 
Front foot the largest; pentedactylous ; hind foot tridactylous ; (tetradactylous'i) 
animal's body wide. 

Species 1. Chelonoides incedens. (Nov. Sp.) 

[In the Cabinet, Nos. f ] 

Distance between the rows of tracks, 5.5 inches. Length of the fore foot and heel, 
1.7 inch; of the hind foot, (if I am not mistaken,) 1.1 inch. Fore foot pentedactylous; 
length of the toes, reckoning outwardly, 0.4, 0.7, 0.9, 0.8, 0.8 inch; of the heel, 1.1 inch. 
Divarication of the outer front toes, (2d and 5th,) 100°. Inner toe set back upon the 
heel. Axis of the foot nearly parallel to the median line. Length of the step from 
track to track of the same foot, 14 inches. Fore foot certainly three and probably four, 
perhaps five-toed. Three toes pointing forward. Length of the foot, 1.1 inch; width, 
the same, do. ; of the fore foot, 1.3 inch. Toes trailing from track to track. Hind and 
fore feet in walking near together, and almost equidistant from the median line. Width 
of the trackway, 6.5 inches. 

An outline of the tracks of this species is shown on Plate XXXI., fig. 3. 

Locality. — Turner's Falls, Lily Pond. 

Remarks. — We have two specimens of this species in the Cabinet, which I have 
tried in vain to refer to any others described in this Report. They are not as good as I 
could wish ; yet they show the general characters of the tracks and the mode of progression. 
I find the smallest track behind the other, and hence have spoken of it as made by the 
hind foot ; which is contrary to the general analogy of these footmarks, and yet by no 
means without precedent both among living and fossil species. The unusual width of the 
body has led me to refer this species to Chelonians ; and yet the length of the step is 
great for such animals. But the legs were long if it were a chelonian, since there is no 
evidence that cither tail or carapace dragged upon the ground. The length and regularity 
of the step arc referred to in the specific name. 

Gekus III. — HELCURA, (ttxw, to drag, and oi?u, a tail ; the tail dragger.) 
Quadrupedal ; tail and toes often dragging upon the ground. 

Species 1. Heixura caudata. 
Helcura litoralis of Fossil Footmarks of the United States, Plate XV., fig. 1. 
[In the Cabinet, Nos. ijj, ¥> V] 

Two rows of indistinct tracks ; the feet about 2 inches long, but the toes cannot be 
counted. Toes making an almost continuous trail from track to track. Distance of the 
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toe trails, 2.5 to 3 inches. Two tracks near together and then a wider interval. Length 
of the step not less than 6 inches from track to track of the same foot. Trace of a tail 
between the rows of tracks. General course of the trail strait. Width of the trackway, 
5 inches. 

I have not attempted to give an outline sketch of this and the two following species 
of the natural size ; but only a reduced outline on Plate XXXVII., fig. 3, and an ambro- 
type sketch of one of the slabs containing this species on Plate XL., fig. 1. 

Localities. — I purchased the slab exhibited on Plate XL., fig. 1, of Dexter Marsh, 
who procured it at Turner's Falls, at the Ferry. The same species has since been found by 
Mr. Field, at Lily Pond. 

Species 2. Helcura surgens. (Nov. Sp.) 

[In the Cabinet, No. 

The description of the last species applies to this, except that this shows no trace of 
a tail, and the traces of the feet are from 4.5 to 6 inches apart, showing a greater width to 
the body. From the absence of the tail track, I infer that the animal carried its body 
higher than the II. caudata, as the specific name, surgens, or lifting up, implies. The trail 
of one of the feet shows three toes distinctly. Width of the trackway, 5 to 6 inches. 

A reduced outline of this track is shown on Plate XXXVI., fig. 10, taken from 
No. if. 

Locality. — Turner's Falls, at Lily Pond. 

Remark. — I regard the much greater width of the body in this species, to say nothing 
of the absence of a tail trace, to be sufficient to distinguish it from the species that precedes 
as well as that which follows. 

Species 3. Helcura anguine a. (Nov. Sp.) 

[In the Cabinet, Nos. y, |f, V*.] 

Width between the trails of the feet, 1.5 to 2 inches. Trace of a carapace (1) some- 
times seen. (No. Jj&.) Length of the step from track to track of the same foot, 5 to 6 
inches. (1) Trails much finer than in H. caudata, sometimes serpentine, and hence the 
specific name. Width of the trackway, 3 inches. 

An outline trail of this species much reduced, is shown on Plate XXXVI., fig. 9, 
from No. if. 

Localities. — Turner's Falls, below the Falls, on soft gray shale, where it was found by 
Dexter Marsh ; also at Lily Pond, where it was found by Roswell Field. 

Remark. — The trail of this species is rather narrower and much more slender than 
that of H. caudata, which characters, to say nothing of the absence of a tail trace, make it 
probable that the two species arc distinct. 

Affinities of the Genus. — The trails of the toes are the chief characteristics of this 
genus, since the tracks arc too obscure to be described, save in general terms. These trails, 
especially when, as in H. caudata, the tail dragged, correspond better I fancy with Chelo- 



142 EXOCAMPE. 

nians than with any other reptiles. At least, I have seen tracks of living land tortoises 
which made an impression upon mc similar to those of this genus, though, unfortunately, 
I failed to secure a drawing of them. I place these species, therefore, among tortoises, 
w ith a rather strong conviction, but not with entire confidence, that such was their nature. 

Genus. IV. — EXOCAMPE, outward, and xw.ujtt}, a curve; bending outward.) 
Fore and hind feet unequal in size. Most of the toes curved and turned outward 
very much from the line of direction. 

Species 1. Exocampe arcta. (Nov. Sp.) 
[In the Cabinet, Nos. |f ^, ^, *,<-.] 

Hind Foot. — Tetradactylous ; toes all pointing forward, and all, except the inner one, 
turned and curved outward from the line of direction. Inner toe strait, second one but 
slightly curved, the third bent most of all, and the fourth nearly as much. Versed sine of 
the curvature in the third toe, 0.25 inch. Length of the inner toe, 0.8 inch; of the second, 
1.1 inch; of the third, 1.3 inch; of the fourth, 1.3 inch. Divarication of the outer toes, 
110°. Length of the tapering heel, 0.8 inch ; of the foot, 1.9 inch ; of the step, from 
track to track of the same foot, 8.5 inches ; but sometimes probably not more than 2.5 
inches. Distance of the track from the median line, rarely over an inch, often much less. 
Foot generally digitigradc. Width of the trackway, 3 inches. 

Fore Foot. — Pentedactylous ; toes turned outward much more than those of the hind 
foot, but curved less. Length of the toes, reckoning outward, 0.35, 0.9, 0.1, 1, 0.5 inch. 
Divarication of the lateral toes, 110°. Foot placed in walking a little in advance of the 
hind foot, and considerably farther from the median line. 

An outline sketch of the most perfect tracks of this species in the Cabinet, (No. 84) 
is given on Plate XXV., figs. 5 and C. The best row of the tracks of the hind feet only, 
is shown on the ambrotype sketch, Plate XLIX., fig. 5, one of which of the natural size is 
shown on Plate XXV., fig. 10. This is a digitigradc impression, and has no trace of a 
fore foot, and may possibly not be the same as No. g£, from which I derive the charac- 
ters of the species. 

Remark. — By mistake the outlines of this genus on Plate XXV., figs. 5, 6, and 11, 
are named Ilcctocampe instead of Exocampe, on many impressions. 
Localities. — Turner's Falls, below the Falls, and at Lily Pond. 

Affinities of the Genus. — The outward curvature of the toes seems to me to agree 
best with a chelonian ; but the narrowness of the body looks more like a lizard. The 
shortness of the heel, and the rounded rather than elongated form of the foot are 
chelonian characters. I am not without fears that I may have mistaken the hind and fore 
feet from the defects of my specimens, or that I have confounded two species. No. i J, 
although it shows a beautiful row of what I call hind feet, has no fore feet, while the 
specimen that has both, is so small as to have on it but three tracks. In such cases I shall 
expect that future discoveries will require modifications of my opinions. But I do the best 
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I can with the data in my power, and leave the rest to those who come after me. I shall 
expect that they will oftener have occasion to modify the Groups than the genera and 
species. 

Species 2. ExocAMPJi ornata. (Nov. Sp.) 

[In tho Cabinet, Nos. JJ, V. {. Hi fti 1}, V. ih ih Hi it ?M 

2?tn<2 Foot — Digitigrade; tetradactylous ; toes curved outward gracefully; length, 
reckoning outward, 0.22, 0.3, 0.4, 0.32 inch, so far as they impressed the mud in walking. 
Divarication of the outer toes, 100° to 130°. Divergence of the axis of the foot from the 
median line outward, 15° to 25°. Distance of the heel from the median line, 0.3 to 0.7 
inch. Length of the step from track to track of the same foot, 4 inches. Width of the 
toes before and behind, less than the tenth of an inch Toes acuminate with claws, — at 
least on a part of them. Width of tho trackway, 1 inch. 

Fore Foot. — Digitigrade, but less so than the hind foot ; pentedactylous ; one short 
hind toe, and the four front ones about equally distributed through an arch of 130°, and 
about of equal length, say 0.3 inch. Axis of the foot turned outward from 40° to 70° ; 
toes also, somewhat curved outward. Fore foot situated, say a quarter of an inch in 
advance, and a little outside of the hind foot in walking. 

An outline sketch of this species is given on Plate XXV., fig. 11, copied from a fine 
specimen, No. |i. An ambrotype sketch of this slab is given on Plate XL VIII., fig. 6. 
Fig. 1 of the same Plate shows a slab with a row of the hind foot only, which is a not 
unusual occurrence. 

Locality. — On the soft gray shale below the cataract at Turner's Falls, where it was 
obtained by Dexter Marsh. 

Remarks. — This species may not differ very materially from the last, except that it is 
less than half the size, and obviously of a more delicate and slender form, if we may judge 
from the tracks. So different is its aspect from that of H. arcta, that for a time I referred 
it to Macroptema vulgaris. But every thing is made more satisfactory to regard it as a 
second species of Exocampe. There are several good specimens in the Cabinet, besides 
the finest, No. f J ; but they arc mostly wanting in the fore foot. 

The remarks under the first species were penned before I discovered the II. ornata; 
but it is hardly necessary to change them as the affinities of this species seem to correspond 
to those suggested under II. arcta. 

Genus V.— AMBLYPUS, (d^Mt, blunt, and foot; the blunt foot.) 

Foot rounded, toes short and blunt, curved outward. 

Species 1. Amulypus dextratus. (Nov. Sp.) 

[In the Cabinet, Nos. ff, ff, f J, jf.] 

Only the right feet (whether the front or hind feet cannot be determined) have left 
tracks upon the rock, with a single exception ; and hence the specific name, dextratus, 
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meaning lying to the right. Impression quite deep ; toes indistinct, not more than three 
visihle, all curved inward towards the line of direction, while the axis of the foot turns 
outward. Foot strongly plantigrade ; length one inch, half of which is heel. Length of 
the step, 4 to 4.5 inches. Only a single rather superficial impression of a track by the 
left feet is visible on any of the specimens. Breadth between the two rows of tracks, 1.8 
inch. Probably a fourth toe, short and pointing backward from the inner side of the heel, 
exists. Width of the trackway, 4 inches. 

An outline sketch of this track of the natural size, is given on Plate XXV., fig. 7. An 
ambrotype sketch of one of the specimens in the Cabinet is given on Plate XL VIII., fig. 5. 

Remarks. — I am not quite sure whether it is the right or left row of tracks that is 
shown on the specimens. If the left, the specific name should be sccevus, as I first had it, 
instead of dextratus. One left hand track is, indeed, tolerably distinct; but there is 
another equally so perhaps on the right side on another specimen. It is unaccountable that 
while the right hand row is unusually deep, those on the left hand should be so generally 
wanting. Yet the outward direction of the axis of the foot and the inward curvature of 
the toes are uniform, and forbid the supposition that there was but a single row. But I 
can hardly believe that if another set of feet existed, as fore or hind feet, they should not 
have left some trace. And I am rather inclined to regard this animal as having legs 
arranged as in the Proteus ; which did not leave tracks in pairs as other quadrupeds, but 
in succession and sometimes alternation, like birds. See Plate VI., fig. 7. This might be 
done by a tortoise, and though not decided in opinion as to the nature of this animal, I 
have placed it among the Chelonians, chiefly from the form of the foot, which approximates 
to that of some tortoises. 

GROUP VIII. — FISHES. 
Remarks. — It was not till near the time when this manuscript was ready to pass into 
the printer's hands, that I was led to introduce Fishes as one of the Groups of animals 
that made the fossil tracks. I had placed the genus Ptilichnus among those whose place I 
could not determine, (ineerta; sedis,) not without a suspicion, however, as the name implies, 
that fishes might have produced the impressions. But the accidental discovery among my 
specimens of a new species, (the P. hydrodromus, most obviously made by an animal 
swimming just above a surface of ripple marks,) and some facts mentioned to me by 
Professor J. Wyman respecting the Siluroid fishes of Surinam, have led me to introduce 
this group, in the belief that it has as good ground to rest upon as some of the other 
Groups. I do not, indeed, feel entire confidence that I have reached the truth. But a 
little light where one has to grope so much in the dark, is exhilarating. 

Genus I. — PTILICHNUS, (nx/W, a fin or feather, and PfFOff, a track ; the fin track.) 
Organs of locomotion making an impression on the mud, like the napping of a 
fishes fin, or a bird's wing, each successive flap being more or less in advance of the 
other. Dents, also, are sometimes seen along the margin of the fin-like impression, as 
if a longer and pointed fin ray had made them. 
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Species 1. Ptilichnus anomalus. (Nov. Sp.) 
( Characters additional to those of the genus.) 

[In the Cabinet, Nos. ^. V. V> H< !!• IM 

Fin-like impressions sometimes arranged in two rows, (Plate XXV., fig. 1,) 2.5 
inches apart, as if made by organs on both sides of the animal ; generally, however, they 
show only a single row. The line of dents, or circular impressions, along the border 
(outside?) are distant from it sometimes an inch, and sometimes in contact with it. 
Diameter from 0.1 to 0.2 inch, seeming as if made by a blunt cylindrical stick, perhaps 
a fin, of that shape. The broad fin-like impression has an irregular border, and the 
surface shows nearly parallel ribs, rarely more than 5 or 6, not more than 0.25 inch apart, 
crossed obliquely by shorter ribs, or rather each principal depression seems to be made 
up of short minor depressions, placed somewhat oblique to the general direction of the 
ribs. These rows of depressions are sometimes 4 or 5 inches long, when a new set 
succeeds; the two, however, often overlapping, and frequently changing a little to the 
right or left. "Width of the trackway, 5.3 inches. 

An outline of the tracks of this species of the natural size is shown on Plate XXV., 
fig. 1, where two fin-like impressions are shown with a space between them, copied 
from No. § f- . Fig. 2 shows a specimen with a row of the dots along the margin. 
Locality. — Turner's Falls, at Lily Pond, obtained by Mr. Field. 
Nature of the Animal. — At first I was inclined to refer the impressions under 
consideration to a vegetable ; and afterwards to the action of water. But neither of 
these suppositions were satisfactory. I then regarded it as of animal origin, but could 
get no clue to the nature of the animal. But I venture now to suggest that it may have 
been made by some sort of fish, cither beneath the water, or on the land, where it is well 
known some species of fish will work their way with considerable facility. Such is the 
case with the Siluroid fishes. Professor Jeffries Wvman, who spent a part of the last 
season in Surinam, informs mc that while there he made some experiments on this 
subject. Some fishes were brought him, I think of the genus Calichthys. He placed 
them upon the floor, and found that when their fins were at liberty, they were able to 
work their way with considerable facility ; but when these were tired, they could not 
advance. He learnt, alsd, from the natives, that this fish not unfrequently takes an 
excursion on land, as has been stated by authors. 

Now it occurs to me whether by flapping its fins and wriggling its body, some such 
impression might not have been left as Plate XXV., figs. 1 and 2 present. Whether the 
Siluroid fishes, or any other, have any such structure in their fins as this impression 
exhibits, I am too little of an ichthyologist to determine. I confess I have not seen any ; 
but the suggestion of such an origin to this track, may at least lead to more careful 
observation upon the tracks of the lower tribes of animals. 
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Species 2. Ptilichnus typographus. (Nov. Sp.) 

Track consisting of one row of small, irregularly arranged impressions, say an inch 
wide, resembling some sorts of writing or printing. Parallel to this belt, we have one, 
and perhaps two rows of dots. 

Remarks. — I am unable to give an outline, or any other drawing of this species, or 
even to describe it with accuracy, as I saw it only a few days ago, (December 8th, 1857,) 
in Mr. Field's collection, and had no time to take a sketch of it, or to describe it. I 
saw, however, that it belonged to the genus Ptilichnus, and is different from any other 
species ; and therefore I name it, and give this imperfect account. Others must complete 
the description. 

Species 3. Ptilichnus pectinatus. (Nov. Sp.) 

[In the Cabinet, Nos. ^, ff] 

Impressions consisting of parallel, slightly curved grooves, between one and two- 
tenths of an inch wide, those in the middle rather the longest, so as to form a crest 
somewhat arched upward. The individual grooves often show a succession of small 
circular indentations, looking like chains of rings. Width of the whole comb-like 
impression or trackway, 1.5 inch. 

An outline sketch of this impression is given on Plate XXV., fig. 9. The locality 
is the same as that of the other species. 

Remark. — I have more doubt as to the organic origin of this impression than of 
any other species of the genus. It is possibly the work of water. I can only say, that 
I have not seen its like, where I could be confident of its aqueous origin. It certainly 
resembles the other species of Ptilichnus. 

Species 4. Ptilichnus hydiiodromus, (from vdttoSqouoi;, literally, running in water ; i. e. 

swimming.) 

Ichthyopodolites of Dr. Buckland. Philosophical Magazine, March, 1844, p. 230. 

[In the Cabinet, Nos. y, |f ] 

Five furrows crossing the summits of ripple marks at right angles, and not reaching 
the intervening depressions. Number of lines not exceeding seven, and appearing as if 
made either by the impression of a comb-like body, or the dragging of points across the 
ridges. Distance from ridge to ridge of the ripple marks, 2 to 2.5 inches. Width of 
the trackway, 0.9 inch. 

Plate XXVI., fig. 5, which is of the natural size, will convey an idea of these track- 
ways as they exist on No. ¥ of the Cabinet. 

Locality. — Turner's Falls, at Lily Pond. 

Remarks. — Whatever may be thought of the origin of the other species of Ptilichnus, 
no good observer will hesitate to say that these markings were made by some animal 
swimming over the spot, either by dragging along its organs of locomotion or defence 
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through the mud, or sticking them down so as to reach the ridges — more likely the former. 
And since the markings have some resemblance to the spring rays of a fish's fin, I venture 
to refer them to such a cause. This discovery, in fact, which was not made till just before 
the completion of these details, (December, 1857,) forms the strongest argument for the 
ichthyc origin of the Ptilichnans. 

II. SUB-KINGDOM, INVERTEBRATA. 
GROUP IX. — CRUSTACEANS, MYRIAPODS AND INSECTS. 

Remarks. — The Ichnological Cabinet contains quite a number of tracks which seem 
to have been most probably made by animals belonging somewhere in these three classes. 
But in the present state of our knowledge, I hold it to be quite impossible in all cases to 
determine in which class they should be placed. I, therefore, group them together, and 
under the several genera shall intimate to what family the affinities derived from the tracks, 
point. In the conclusion I shall have the pleasure of presenting the opinions of some 
eminent men of science on this point, so far as they could judge of it from drawings. 

Genus I. — HARPAGOPUS, {ifmyi, a drag, and mrf;, a foot ; the drag-form foot.) 

Feet didactylous ; toes unequal in length ; divaricate ; more or less like the sides of a 
triangular harrow or drag. 

Species 1. Hakpagopus Hudsoxius. 
Harpagopus Hudsonius. Fossil Footmarks of the United States, Plate XVIII., fig. 2. 

[In the Cabinet, No. 1^.] 

Toes diverging about 40° ; unequal in length ; blunt or rounded. Length from 2 to 
3.5 inches ; axis of the toes when walking, placed nearly at right angles to the line of 
direction. Rows of tracks two, about a foot apart. Distance between the successive pairs 
of toes in walking, inconstant. Width of the trackway, 17 inches. 

An ambrotype sketch of the only slab in the Cabinet, No. ty, is given on Plate 
XLIX., fig. 6. 

Locality. — This is the only example in this Report, except a species of Batrachoides, 
in which I have described a track out of New England. It comes from the famous 
flagging stone quarries on Hudson River, and the rock belongs to the Hamilton Group of 
the Devonian Rocks. I found the specimen in the sidewalk in one of the streets of New 
York, and obtained leave to remove it. I had some doubt whether it were a real track ; 
but I have often seen it on the widely diffused flagging stone of the Hudson River 
quarries, and it bears a close analogy to some impressions on the much more recent rock of 
the Connecticut Valley. I thought, therefore, it might be well to give this short account 
of it and present one ambrotype sketch. 

Nature of the Animal. — On this point I have not much to say, because I know but 
little. The tracks must have been made, if I have rightly apprehended their character, by 
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an animal that spread out its legs nearly at right angles to the course on which it was 
walking. The feet seem to have been didactylous ; and this is the chief reason why I 
suspect the animals to have been Crustaceans, some of whose extremities are didactylous. 
But I know of no living Crustacean that would make such tracks ; nor am I acquainted 
with the tracks of living Crustaceans ; and, therefore, I feel very little confidence that this 
animal really belongs among them. 

Species 2. Harpagopcs dubius. 
Harpagopus dubius of Fossil Footmarks of the United States ; Plate XVTIL, fig. 2. 
[In the Cabinet, Nos. z*, ff.] 

Feet from 1.25 inch to 2.25 inches long, and 0.5 inch wide, with rounded extremities. 
Impressions arranged along a line, with which their axes make an angle of about 50° ; 
consequently the tracks are parallel to one another, at distances varying from half an inch 
to two inches. Form of the impressions almost exactly that of the human foot, showing 
a heel and ball of the foot. The heel, however, is sometimes entirely separated from the 
ball, and the front part becomes somewhat trilobate. 

An ambrotype sketch of this species is given on Plate LI., fig. 5. 

Locality. — On black shale from Turner's Falls from whence the specimen No. tf- was 
obtained many years ago by Dr. Deake and presented to me. Also at South Hadley 
Canal(t) No. ff. 

Remarks. — I have so little confidence that this an animal's track that again and again 
I have resolved to strike out the species. But on re-examining the specimen, (unfortu- 
nately too small to give a full idea of the tracks,) and finding it so difficult to refer them 
to any other agency, I determine to let it remain ; and this is my final decision after this 
strong expression of my scepticism. And I leave it, as in the Fossil Footmarks of the 
United States, chiefly in the hope that it may lead others with better specimens to 
determine their true nature. 

In re-examining these specimens, for this Report, I am struck with the resemblance 
between the form of this impression and that of the human foot, covered with a shoe. It 
corresponds almost exactly with specimens found at the Portland quarries of the size of the 
largest man's foot, and which have been announced in the newspapers as indeed of human 
origin. I have given some account of these under the species Cunichoides marsupialoideus, 
and two reduced figures of them (3 and 4) are given on Plate LX. I have added two of 
the impressions of Harpagopus dubius of the natural size, to show how strong is their 
resemblance to the Portland supposed human tracks when reduced. One of them, fig. 6, 
like the Portland track, fig. 4, has another and smaller impression a little in advance 
probably (possibly in the rear) of the principal one. This has been overlooked in the 
Portland specimens, although I doubt not the two impressions were made by the same foot, 
with an arch beneath it, that prevented its whole length from reaching the ground. This 
fact effectually refutes the popular opinion that this is a human track, if it needs refutation, 
as it hardly docs, among scientific men. But by what animal it was made I feel entirely 
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ignorant. Probably only one of the tracks has yet been brought to light ; when the whole 
made by the animal with all its feet on the ground, shall be found, probably the affinity to 
some living race may be obvious. My present opinion is, that the Portland tracks and the 
Harpagopus dubius were made by animals (or plants 1) of the same general character, but 
differing enormously in size. 

Genus II. — STRATIPES, (Slerno, to spread out, and Pes, the foot; the animal with sprawling feet.) 

Animal's feet perhaps didactylous ; spread out in walking nearly at right angles to 
the line of direction. 

Species 1. Stratipes latus. (Nov. Sp.) 

[In the Cabinet, No. 

Feet probably bifid, but possibly unidactylous ; the hind foot, if it be so, being brought 
up very near the fore foot at each step. The first supposition is here assumed as the true 
one. Toes somewhat curved, and lying nearly parallel ; length from 3 to 4 inches. Dis- 
tance between successive imprints of the same foot, 9 to 13 inches, which is the length of 
the step. Distance between the outer extremities of the right and left feet in wal kin g, or 
width of the trackway, 27 inches; do. between the inner extremities, about 20 inches. 
Hence the body of the animal may have been from 12 to 15 inches wide. 

An ambrotype sketch of slab No. with two rows of this animal's tracks, is given 
on Plate XLIX., fig. 4. The length of the rows is over 6 feet. 

Locality. — Turner's Falls, in Mr. Field's orchard. This track is upon the upper 
side of one of the best slabs of tracks ever obtained. Dexter Marsh got out two specimens, 
one depressed, the other in relief; the former about a foot the widest. This was covered 
with nearly a hundred very distinct tracks, and at the auction of Mr. Marsh's Cabinet, 
was bought by the Boston Society of Natural History, but its counterpart was bid off for 
the Amherst Ichnological Cabinet, No. Y- It was n °t till I was putting it up in that 
Cabinet, that I discovered the tracks of the Stratipes on the other surface. Scarcely any 
other tracks exist on the same surface, and it appears to me as if the surface was beneath 
the water when the animal trod upon it, and hence the tracks are not well defined. Yet 
on the other surface of the slab, only two inches lower down, we have over 70 tracks, 
remarkable for their distinctness, and which must have been made on shore. The mud 
which filled them may have been quietly silted in by the tide, and then some amphibious 
creature have partly swam and partly walked over the bottom. The surface has a certain 
roughness which is" not common where the mud is sun-dried and trod upon while above 
the water. 

Nature of the Animal. — We are struck in looking at this specimen with the general 
distinctness of its outline, and see at once that it is different from any other in the Cabinet. 
But when we attempt to refer it to a particular class of animals, we find great embarrass- 
ment. At first, perhaps, we think of a huge marine tortoise, swimming along and striking 
the bottom with its feet. But I can find no living tortoise whose extremities bear any 
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resemblance to those of the Stratipcs. They all have five toes, though in some species so 
united and covered that they would make but one impression, yet not one so narrow as in 
this case. Some Crustaceans have bifid extremities to their organs of locomotion, and on 
this ground alone have I conjectured this animal to belong to this class. But I know not 
whether in walking or crawling over the surface, crustaceans make impressions at all 
analogous to those of the Stratipcs. With eight or ten feet, I should presume they do not. 
But if this were not a giant Crustacean, I know not what he was, and will not multiply 
words about him. 

Genus III. — HAMIPES, (Hamus, a hook, and Pes, the foot; a hook-like foot.) 
Foot didactylous ; toes curved inward, so as to be somewhat hook-shaped. 

Species 1. Hamipes didactylus. (Nov. Sp.) 

[In tie Cabinet, No. |f .] 

The didactylous imprints of the feet in walking are arranged in two parallel rows, 1.4 
inch apart. Axis of the foot nearly coincident with the line of direction, but generally 
turned a little outward. Toes nearly parallel, sometimes slightly divergent ; distant from 
each other, 0.1 inch; length, 0.5 inch; width scarcely more than that of a hair. Foot 
digitigrade. Length of the step from track to track, apparently of the same foot, 0.6 inch. 
Width of the trackway, 1.62 inch. 

This track is shown of the natural size on Plate XXV., fig. 8. Indeed, the whole of 
the only specimen in the Cabinet is here shown. 

Locality. — Turner's Falls, on Mr. Field's fann. 

Nature of the Animal. — Its track very much resembles the bifid extremities of the 
King Crab, or Limulus Polyphemus of our coasts. But this animal has at least four feet 
on each side, which it must use in walking ; and it seems incredible that the tracks would 
form such regular rows with equidistant steps, as the Ilamipes presents. Yet the resem- 
blance above referred to, may justify me in leaving the animal among the Crustaceans 
provisionally. It is a very distinct and peculiar track, like that of the Stratipes ; and a 
glance at it shows us that it differs from all others in the Cabinet. But whether the whole 
story is told by this specimen, may admit of doubt. 

Genus IV. — ACANTHICHNUS, (tixuvfa, a prickle or spine, and !>»•<>;, a track; the prickly track.) 
Tracks linear ; in two parallel rows. 

Species 1. Acanthiciinus cursoriis. (Nov. Sp.) 
Figured without a name by Dr. J. Deane, in the Journal of the Academy of Natural 
Sciences, Plate 19, f. 

[In the Cabinet, Nos. f J, fj, j«, JJ.] 

Distance between the rows of tracks, 0.18 inch. Tracks opposite, diverging a few 
degrees; length of the foot, 0.15 inch. Length of the leap, varying from 0.1 inch to 
0.8 inch. 
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Several rows of the tracks of this species, of the natural size, are shown on 
Plate XXVIII., fig. 1, and on XXXI., fig. 1. 

One of the most striking peculiarities of this species is the great difference of its leap ; 
it being eight times longer in some instances than in others. 

Locality. — Turner's Falls, Lily Pond. 

Species 2. Acanthicnus saltatorius. (Nov. Sp.) 

[In the Cabinet, Nos. ff , §4, |f] 

Distance between the rows of tracks, 0.1 inch. Tracks opposite, nearly parallel. 
Length of the foot, 0.08 inch ; of the leap, from 0.08 to 0.18 inch. Animal frequently 
jumping sidewise, as a dancer; and hence the specific name. This character and the 
extreme shortness of the leap in some cases, distinguish this species from A. cursorius. 

Two rows of the tracks of this species are shown on Plate XXVIII., figs. 4 and 5, 
of the natural size. Fig. 4 might perhaps pass for A. cursorius; though I have not 
seen the lateral hop in the last species. But fig. 5 is evidently a distinct species : distinct, 
perhaps, even from fig. 4. 

Locality. — The same as that of the preceding species. 

Species 3. Acahthichnus tardigradus. (Nov. Sp.) 
Figured without a name by Dr. J. Deane, in the Journal of the Academy of Natural 
Sciences, Plate 19, g. 

[In the Cabinet, No. ff.] 

Width of the two lines of tracks, 0.33 inch. Length of the tracks, 0.15 inch. Tracks 
turned outward from the median line, from 15° to 20°. Distance between the successive 
tracks, 0.1 inch to 0.25 inch. Feet linear, acuminate; tracks opposite. Width of the 
trackway, 0.48 inch. 

A sketch of the tracks of this species of the natural size, is given on Plate XXVIII., 
fig.l. 

Locality. — The same as that of the two preceding species. 

Nature of the Animals of this Genus. — The existence of only two rows of tracks 
turned a little outward, and generally quite numerous, has led me to inquire whether 
these animals may not be Myriapods. Plate LV., fig. 4, is an ambrotype sketch of the 
trackway of a small worm on clay, discovered by Charles H. Hitchcock, in Hadley; 
and I have been inclined to regard it as a Myriapod, perhaps an lulus, with very delicate 
feet, though it is quite possible that the bristles upon some Annelids might make the 
lateral impressions. This specimen shows at least, that the feet or hairs upon very small 
worms may make a distinct and permanent impression upon clay, as an inspection of 
No. \l in the Cabinet will show. 

I confess that the apparent mode of progression with the species of this genus, if we 
understand it, does not correspond with that of a Myriapod, or an Annelid. For it 
seems from the feet being opposite, that it must have been by leaps, and the length of the 
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leaps seem to have varied, as the Plates will show. It may be more probable therefore that 
the animal was a Crustacean ; yet it seems as if it used only two feet in moving forward, 
and I can hardly conceive how this should have been done by one of these animals. 

Some able writers (see Sicbold's Anatomy of the Invertebrata, Boston, 1854,) make 
Myriapods one of the Orders of Crustacea ; others regard them as more properly a family 
of insects. Very possibly we may never be able certainly to distinguish Myriapods from 
certain crustacean or insect forms by their tracks. 

Genus V. — CONOPSOIDES, (kg^o^, a musquito, and f$o?, appearance. To complete the idea of the 
name, we must bring in that of the species, namely, larvalis, of a larva ; and the meaning will be, a track 
resembling the larva of a musquito.) 

Tracks in three, and probably four rows; divergent from the median line. Foot 
blunt at its anterior part, and so striking the mud in walking as to elevate a tubercle. 

Species 1. Conopsoides lakvalis. (Nov. Sp.) 
Figured without a name by Dr. J. Deane, in the Journal of the Academy of Natural 
Sciences, Plate 19, b and c. 

[In the Cabinet, No. |f .] 

Breadth of the trackway or space occupied by the rows of tracks, 0.8 inch. Diver- 
gence of the outer rows of tracks, 15° to 40°. Length of the tracks, 0.2 inch. Length 
of the step, or leap, 0.3 to 0.5 inch. Foot linear, its track terminated usually in front 
by a slight mound of mud raised by the slipping forward of the foot, as it would do in 
leaping. Tracks in pairs on each side of the median line, the inner row less divaricate 
than the outer one. Rarely more than two rows of tracks, and those only on one side 
of the median line visible ; sometimes a part of the third row is shown. 

Rows of these tracks are shown on Plate XXIX., fig. 6, and Plate XXX., fig. 4, of 
the natural size. 

Locality. — At Turner's Falls, on Mr. Field's farm, and found by him. Also on the 
gray shale of Wethersfield. 

Remarks. — The tracks of this species strikingly resemble the larva; of the mosquito, 
seen so often in the summer in stagnant water, and hence the name. Not that I suppose 
any resemblance in nature to the animals ; for the track is not the animal. Had I 
not found occasionally part of a third row of tracks, I might have suspected the animal 
to be a Myriapod ; but now I feel almost sure that it had more than one row of feet on 
each side ; though I have never seen but three rows of tracks. It may have been a 
small Crustacean ; but until more observations have been made upon the tracks of living 
Crustaceans, (I have myself seen none,) the suggestion may be little better than conjecture. 

Genus Vl. — BIFURCULAPES, (Bis, twice, Furcula, a little fork, and Pes, the foot; the double, small- 
forked foot.) 

Four regular rows of tracks made in walking, which, when united, as they often are 
at the base, resemble small forks. Two additional rows sometimes visible, as on Plate 
XXX., fig. 1. 
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Species 1. Bifurculapes laqueatus. (Nov. Sp.) 

[In the Cabinet, Nos. jj, ^, {{, }}, ff .] 

Width of the trackway or the double rows of forks, or lines of tracks, 0.3 inch. 
Do. between the tines of each fork, 0.1 inch. Length of the feet or tines, 0.1 inch. 
Tracks generally following one another in close succession, with no perceptible interval, 
and never separated more than 0.1 inch. Outer prong of the fork frequently curved 
inwards strongly. Prongs of the forks sometimes united at their base, but not often. 
The animal sometimes so doubled upon its course when walking, as to form graceful loops. 
(See Plate XXX., fig. 3.) Pairs of tracks opposite. An additional row of tracks is 
sometimes seen placed near the forks. Plate XXX., fig. 1. 

Good specimens of this species are represented of the natural size on Plate XXX., 
figs. 1, 2, and 3. The specimens from which these sketches were taken, are most of them 
very fine and give a striking idea of the perfection to which this process of preserving 
tracks was carried sometimes. Of the tracks now made by insects or crustaceans no larger, 
probably not one in a million is preserved by being covered with a layer of mud, so that it 
■would be petrified. But here we have long rows of hundreds of tracks, with only a few 
wanting. How many things must have conspired to secure such preservation. Nos. ft, 
|| and -|| in the Cabinet are partievdarly fine. 

Locality. — On Mr. Field's farm, at Turner's Falls. 

Species 2. Bifurculapes tuberculatus. (Nov. Sp.) 

[In the Cabinet, Nos. \§, ff |4, ||.] 

Width of the trackway on the double lines of tracks, 0.5 inch from the outer 
extremities of the tracks ; between the inner extremities, 0.25 inch. Length of the inner 
foot, or tine, of the fork, 0.15 inch; of the outer tine or foot, slightly less; of the leap or 
step, 0.25 inch. Pairs of feet opposite. Posterior part of the inner foot tubercular, the 
process making a deeper impression. 

Plate XXX., fig. 4, shows an outline of this species. The tubercle is the part most 
permanently impressed. Hence sometimes we see on the track little else than a row of 
tubercles. 

Locality. — Mr. Field's farm. 

Species 3. Bifurculapes scolopendroideus. (Nov. Sp.) 

[In the Cabinet, Nos. jj, fj.] 

Width occupied by the two rows of forked feet, 0.9 inch, from the outer extremities of 
the tracks. Width of each row, 0.3 inch. Feet broad, linear, acuminate. Divergence 
between the prongs of each fork, 25° to 30°. Outer prong turned outward from the 
median line, 20° to 35°. Inner prong turned inward from 5° to 20°. Length of the 
outer foot, or prong, 0.45 inch. Do. of the inner, 0.25 inch. Outer feet curved some- 
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what inward. Inner foot or prong frequently wanting in the tracks. Distance between 
successive impressions, 0.5 inch. Forks opposite. 

An outline sketch of the best specimen of this species in the Cabinet, is given on 
Plate XXVII., fig. 1. 

Locality. — Turner's Falls, on gray shale below the cataract, found by Dexter Marsh. 

Remarks. — So seldom does the inner prong of the fork appear on this specimen that 
I at first regarded the animal as having only two rows of feet, and thought it might be a 
Myriapod. But on closer examination the forked arrangement of the feet is too obvious 
to be mistaken, although less decidedly so than in the other species of this genus ; and I 
accordingly place it with the Bifurculapeana. The two prongs of the fork, however, do 
not appear to proceed from the same foot, as may be the case with the species already 
described ; and the inner one is so short and so frequently wanting, that the tracks reminded 
me of what I should suppose would be the tracks of a Scolopedendron, and hence the 
specific name. But it conveys a wrong impression, since no centipede has a forked foot, or 
two feet so placed that they would leave a forked track. Whatever was the nature of the 
animal, there can be no doubt but it is quite distinct from any that has been described. 

Species 4. Bifurculapes elachistotatus. (Nov. Sp.) 
[In the Cabinet, No. f».] 

"Width of the space embraced by the whole four rows of tracks, 0.4 inch ; do. by each 
pair, 0.15 inch; do. between the inner rows, 0.1 inch. Outer rows diverging a few degrees. 
Inner rows nearly parallel to the median line. Length of the track, 0.05 inch ; do. of the 
step, 0.2 inch. Pairs of tracks alternate, hence the animal must have moved by steps 
rather than leaps. Tracks in pairs, but entirely disconnected apparently. 

On Plate XXIX., fig. 4, a specimen of this track is shown of the natural size, along 
with another insect track to be described, and a number of the scales of a coniferous plant. 
I have been struck with the resemblance between these plant markings and the small scales 
on the surface of a young branch of the American Larch (Finns pendula.) They occur on 
several other specimens, and coniferous twigs are the most common of the vegetable 
impressions on these rocks. On Plate XXXI., fig. 1, we find seeds also; and in the 
beginning of this lleport, I have described and figured a cone from our sandstone. 

Another much longer low of the tracks of this species is shown on Plate XXX., fig. 
3, copied from a line specimen in possession of Mr. Field. 

Locality. — Turner's Falls, Lily Pond. 

Remarks. — We have now reached the smallest of all the fossil footmarks, so small 
that few persons would discover them. Yet when carefully traced out we find them as 
little defective as the large tracks, and probably from their simplicity, more perfect. I 
calculate, not with entire accuracy of course, that it would require nearly half a million of 
these smallest tracks to fill the same space as one track of the hind foot of the Otozoum ! 
To designate so small a track appropriately has not been easy. I have chosen, perhaps not 
in exact accordance with the rules for naming objects in natural history, a Greek adjective 
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that signifies less than the least. This to be sure is a solecism, but it aptly describes one's 
feelings when looking at such tracks. 

Nature of the Animals of this Gams. — The great regularity and distinctness of the 
forks in the tracks of this genus awakens two inquiries : first, whether each fork is not 
made by the bifid extremity of a single foot, rather than by two feet ? secondly, had the 
animal any more feet than sufficient to make these forked tracks? A single specimen, — 
one of our best, — sketched on Plate XXX., fig. 1, gives a probable answer to both these 
inquiries, showing on one of the trackways, the tines of the forks so separated as could 
not have been done if made by a single bifid foot, and also showing several examples of a 
third row of tracks. I think we may be certain, therefore, that the animal had at least six 
feet. Perhaps I ought to except the B. elachistotatus, which has an almost parallel arrange- 
ment of the tines of the fork, and differs, moreover, from the other species by an alternate 
arrangement of the pairs of tracks. In the other species they arc nearly opposite, as if 
the animal moved by leaps. But the steps are too short to be regarded as leaps, and I 
confess that it is not an easy matter to conceive how an animal with many pahs of legs 
should have advanced by steps so short yet nearly equidistant. Yet annelids seem to have 
the power of thus walking, if the tracks on clay, shown on Plate LV., fig. 4, were made 
by such an animal. And were there in the Bifurculapes the trail of a body between the 
rows of tracks, as in the case on clay, we might perhaps presume this genus to have been 
annelidan. 

Upon the whole, I think the question lies between crustaceans and insects. If we 
were sure that all of them had six feet, it would be a strong argument for their insect 
character. But perhaps the usual presence of only two rows of forked feet on the tracks, 
and the semilunar character of some of the tracks, (shown imperfectly in the drawings,) 
should lead rather to the Crustaceans. Yet, alas, how difficult to form an opinion on 
evidence so slight ! What fool camiot raise difficulties enough to stop our mouths ? But 
where ara the wise men to solve the enigma'? They will appear, however, when the way 
is prepared ; and then how weak and puerile will our conjectures appear, who make the 
first efforts to let the light in upon the midnight ! 

Genus VII. — GRAMMEPUS, (Yfafifrf, a line, or stroke in writing, and nois, the foot; a foot resembling the 

lines in writing.) 

Tracks arranged in two parallel rows, the principal ones forming almost continuous 
lines, parallel to the line of direction. The two other tracks short, lying outside, and 
forming various angles with the median line. 

Species 1. Grammepus erismatus. (Nov. Sp.) 

[In the Cabinet, No. jf] 

The principal lines of tracks separated 0.7 inch ; parallel to each other and to the 
median line. Length of the track, 0.5 inch ; width, one-twentieth of an inch. Length of 
the step, 0.8 inch. (?) Second track, 0.3 inch long, diverging from the first about 30°. 

20 
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Third do., 0.2 inch long, lying nearly at right angles with the line of direction, the two 
outer tracks seeming like buttresses or supports to the other, and hence the specific name, 
erismatus, from erisma, a buttress. Width of trackway, 1.2 inch. 

Plate XXIX., fig. 1, presents an outline sketch of this species copied from the only 
specimen in the Cabinet, No. ijf. 

Locality. — Turner's Falls, on Mr. Field's farm. 

Nature of the Animal. — The specimen which we possess of the tracks of this species 
has not all the distinctness and certainty about it which I could desire, yet I think I see in 
the tracks some evidence that they may have been made by a stout hexapod insect. Crus- 
taceans are the only other class, I think, to which any will be inclined to refer them. 

Species 2. Gkammepus unordinatus. (Nov. Sp.) 

[In tie Cabinet, No. f £.] 

Tracks arranged in a single row, the principal one forming an almost continuous 
furrow from one-thirtieth to one-twentieth of an inch wide, like that produced by an 
annelid. The other tracks somewhat divergent on either side. Number of feet uncertain. 
Width of the trackway, 0.2 inch. 

Locality. — Turner's Falls, Mr. Field's farm. 

An outline of this track of the natural size is given on Plate XXIX., fig. 2. 

Remarks. — It may be doubted whether this species is worth giving, as we have but 
a single specimen, which, though distinct, is not all we could wish. I doubt whether 
this animal belongs to the genus Grammepus, because it shows only one row of tracks. 
But the impressions have a good deal of resemblance to those of the Grammepus erismatus, 
and I leave the two together until further light is obtained. 

Genus VIII. — LITHOGRAPHUS, (Udoc, a stone, and ypctqflw, to grave or write ; an engraver on stone.) 

Hexapod; longest tracks in parallel rows, and between the shorter ones. Outer 
track crooked, so as to become even forked. Inner one shortest. 

Species 1. Lithographus hieroglyphicus. (Nov. Sp.) 

[In the Cabinet, Nos. JJ, f j.] 

Longest tracks forming two almost continuous lines, parallel to each other, at the 
distance of 0.4 inch. Length of this track, 0.2 inch. Longest horn of the crooked track 
diverging from the median line from 30° to 40°. Shortest horn turning towards the 
median line. Length of the steps, 0.3 to 0.4 inch. Width of the trackway, 0.8 inch. 

An outline sketch of a row of this track is given on Plate XXIX., fig. 3. Another 
less perfect is shown on Plate XXXVII., fig. 2. 

Locality. — Turner's Falls, Mr. Field's farm. 

Remarks. — An examination of the specimen of this species above referred to, recalled 
to my recollection another from the red shale of Wethersfield, which I had collected 
many years ago, and of whose nature I had never been satisfied. On re-examination I 
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concluded cither that it was a fossil plant, probably a sea-weed, or an insect track. I 
became convinced that it was the former, and then the question arose, whether all the 
supposed insect tracks are not plants. If this species were the only one known, I could 
easily be persuaded that such is the case. But an examination of all the species will, I 
think, satisfy any one that most of them at least must be tracks. That we are liable to 
confound the two things, I admit ; for there are fossil plants in this sandstone which 1 
have not attempted to describe, that have been referred to tracks by experienced judges. 
But the experienced naturalist should not, through fear of falling into such an error, be 
led to overlook real differences where they exist ; and such will surely meet him between 
most of the minute tracks which 1 am describing, and fossil plants. 

Another fact operated for a time to throw doubt over the ichnological character of 
these minute markings. As a general principle I had regarded it fatal to the idea that 
impressions were tracks, if made on the under side of the layers ; that is, if the impression 
was arched upward ; yet in the Bifurculapes tuberculatus, I found tubercles on the same 
surface where the greater part of the markings were depressions ; and the suspicion was 
strong, that they were produced by a body interposed between the layers of mud, and 
not by animals walking over the surface. But I have leamt that sometimes the animal, 
by thrusting its foot forward, or crowding it backward, does raise little piles of mud, and 
when afterwards other mud is brought over the spot, it will fold down over these tubercles, 
and thus produce an impression upwards. I think, though not wholly free from doubts 
on the subject, that such was the case with the Bifurculapes tuberculatus. 

Upon the whole, I retain a belief that we have small crustacean and insect tracks on 
the shale of this valley. But it is well to keep our eyes open to every other possible 
mode of explanation ; and since I have said so much here, I think it best to present an 
ambrotype sketch of the specimen from Wethersfield, above referred to, which I should 
now label a sea-weed ; and it is shown on Plate XXIX., fig. 5. 

Species 2. Lithogravhus cruscularis. (Nov. Sp.) 
Figured without a name, by Dr. J. Deane, in the Journal of the Academy of Natural 
Sciences, Plate 19, d. 

[In tlio Cabinet, Nos. }t, jj.] 

Distance between the two principal rows of tracks, 0.15 inch. Length of the tracks 
in these rows, 0.1 inch. Length of the step, 0.18 inch. Width of the trackway from 
tip to tip of the outer or crooked feet, 0.4 inch. Length of the inner and shortest foot 
one-twentieth of an inch; placed on the track just at the roots of the crooked foot 
Width of the trackway, 0.35 inch. 

An outline of two specimens of this species is given on Plates XXIX., fig. 4, and 
XXX., fig. 3. 

Locality. — Turner's Palls, with the last species ; from which this differs chiefly as 
to size. 

Nature of the. Animals of thin Genus. — This is the first genus in which I find certain 
evidence of six legs, — the normal number possessed by insects. I suspect that these 
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animals were such. The crooked foot, as shown by the tracks, must, I presume, be 
exhibited on the tracks of many living species of this class of animals. But after all these 
tracks have quite a crustacean aspect. 

Genus IX.— HEXAPODICHNUS, [if, six, noit, a foot, and l^fos, a track ; the six-footed track.) 

Tracks arranged by threes, in rows on each side of the median line ; the inner tracks 
running nearly parallel to that line. Outer tracks parallel, or diverging outwards. 
Alternate on opposite sides of the median line. 

Species 1. Hexapodich:nus magnus. (Nov. Sp.) 
[In the Cabinet, No. f f ] 

Principal tracks by twos and in alternation on opposite sides of the median line. 
Distance between them, 0.34 inch. Width of the whole trail or trackway, 0.8 inch. 
Length of these tracks, 0.2 inch ; do. of the step, 0.25 inch. Third set of tracks small, 
irregularly placed, and seldom seen on the only specimen yet discovered. 

An outline sketch of this species, copied from No. ff, may be seen on Plate XXIX., 
fig. 7. 

Locality. — Turner's Falls, Lily Pond. 

Remarks. — The arrangement of the tracks of this species by alternating pairs, and 
the rarity of the impression of the third foot, led me for a time to reckon this specimen 
among the species of Bifurculapes. But I think I discover the third track occasionally, 
and if it exist, it removes the specimen out of the four-footed genera. However, I am by no 
means certain that I am right. If not, this species should become Bifurculapes magnus. 

Species 2. Hexapodichnus horrens. (Nov. Sp.) 
[In the Cabinet, No. f §.] 

Longest tracks arranged in rows on each side of the median line, and distant from 
each other, 0.25 inch. Length of these tracks, 0.1 inch. Length of the step, 0.4 inch. 
Width of the whole space impressed, or the trackway, 0.6 inch. Outer row of tracks, 
which are the second in length, 0.1 inch long. Divergence of these tracks outward, about 
40° ; distance of this outer row of tracks from the inner row on the same side of the 
median line, 0.1 inch. Position a little in advance of the inner row. The shortest track, 
0.06 inch long, lies between the outer and inner tracks, but a little in advance, and diverges 
outward about 10° less<than the outer toe, so that the two outer toes form a fork, the inner 
prong the shortest. 

This species is shown of the natural size, on Plate XXX., fig. 1, along with the 
Bifurculapes laqueatus, as they appear on the fine specimen, No. ||. 
Locality. — Turner's Falls, Mr. Field's farm. 

Nature of the Animals of this Genus. — The second species of this genus is one of the 
most perfect and delicate of all the insect tracks yet discovered, although only a single 
specimen has been seen by me ; but it is quite satisfactory. Though the tracks are very 
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small, thfij are quite distinct, and placed so far from one another that they are not liable to 
be confounded. It is quite obvious that the animal had six feet, and this fact excites a 
presumption in favor of its insect origin. Perhaps a good entomologist might be able to 
refer it to its place among the orders of this class. Yet I fancy that more progress must 
be made in the ichnology of insects, and indeed in that of all the invertebrata, before the 
most accomplished zoologist can speak with much confidence on such a point. Indeed, 
such an one might rather maintain, and not without reason, that these animals may have 
been crustaceans and not insects. 

Genus X. — COPEZA, (aciiiij, an oar, and a foot; the oar foot.) 

Feet six ; the tracks arranged in triple rows on each side of the median line ; the 
principal track being placed at right angles to that line, as oars on the sides of a boat 
when in use. 

Species 1. Copeza triremis. (Nov. Sp.) 

[In the Cabinet, No. §§.] 

Distance between the two principal rows of tracks, which lie at right angles to the 
median line, 0.8 inch. Length of those tracks, 0.1 inch. Distance between the outermost 
rows of tracks on the trackway, 1.4 inch. Outennost row nearly parallel to the median 
line and somewhat in advance of the tracks of the inner rows. Length of the tracks in 
the outermost row, 0.1 inch; do. of those in the middle row, 0.07 inch. Tracks of the 
middle row lying between the other rows, with a divergence from the median line of some 
20°. Length of the step, 0.44 inch. 

An outline of the two rows of tracks of this species, copied from No. ff , is given on 
Plate XXXI., fig. 4. Other insect tracks of the same species exist on this specimen, but 
to avoid confusion I have exhibited only the most obvious rows. The tracks on the right 
side arc obviously the most perfect, those on the other side having been somewhat interfered 
with by other tracks. 

Locality. — Turner's Falls, on Mr. Field's farm. 

Remarks. — The specimen containing this interesting genus, was overlooked till the 
latest moment for a place in this Keport. The number of tracks upon the slab produced 
some confusion, and it was not till after a careful study that I got the clue to the true 
order. The position of the principal tracks at right angles to the median line, suggested 
the idea of oars, for I perceived that probably the animal propelled himself forward over 
the mud just as oars urge forward a boat. Hence I gave the name Copeza to the genus ; 
and on observing the arrangement of the three feet in walking, it seemed to me appropriate 
to add triremis as a specific name, which means three-oared ; so that the whole name, I 
trust not improperly, may be called the three-oared oar foot. 

Nature of the Animal. — The tracks of the Copeza seem to me more like those of an 
insect than any others I have described. Yet I feel the extreme difficulty of discriminating 
between the tracks of insects and crustaceans. Judging from the animals that are found 



160 



ANNELIDS. 



on the muddy shores of the present geological period, we should expect to find a mixture 
of the two classes ; and I incline to the opinion that such was the case in oolitic days. 

March 10th, 1858. Thermometer nearly at zero on Fahrenheit's scale! A strange 
time to be examining the tracks of living insects. But one, a little larger than a house- 
fly, and resembling the small miller so common in the summer, has been crawling over the 
window of my study, and I have been struck with the resemblance between the position of 
his six legs and the tracks of the Copeza. His two anterior feet were placed parallel to 
the line of direction, a little farther apart than the width of his body ; then came the 
middle pair, which were placed nearly at right angles to the line of direction, but pointing 
a little backward ; and the hind feet made an angle somewhere towards 45° with the line 
of direction pointing, also, backward. I regret that I could not devise any surface that 
would retain the impressions. But whatever was the nature of the Copeza, I am sure that 
as to form and position its tracks might properly be brought into the same family with 
those of this insect. 

GROUP X. — ANNELIDS. 

Remarks. — I have separated the following genera from the preceding wide group of 
invertebrates, and placed them under the Annelids, or naked worms, because their track- 
ways seem to me to designate their character more clearly than is the case with those 
already described. Yet some of them are not a little anomalous, and not easy to be dis- 
tinguished by their tracks from vegetable forms. 

Genus I. — UNISULCUS, (Sulcus, a furrow, and Unus, one ; a single furrow.) 
Trackway a continuous single groove. 

Species 1. Unisulcus Marshi. 
Herpystezoum Marshi, Fossil Footmarks of the United States, Plate XVII., fig. 1. 

[In the Cabinet, Nos. V. Hi H> ¥0 

Groove 0.2 inch wide; not unfrcquently looped. 
Shown of the natural size on Plato XXVI., fig. 1. 

Locality. — Turner's Falls at the Ferry; where it was dug up by Dexter Marsh, 
who by indefatigable industry obtained a rich collection of fossil footmarks, which, after 
his death, were sold at auction, and were distributed among many of the Cabinets of the 
country, especially those of the Boston Society of Natural History ; of Amherst College ; 
the State Collection at Albany, and the New York Lyceum of Natural History. Mr. 
Marsh became quite skilful in distinguishing different species and was well known among 
scientific men. By over-exertion in procuring specimens of fossils and minerals, he 
doubtless prepared his constitution for the disease that carried him off. It is due to his 
memory to attach his name to some species of animal that made the footmarks ; and this 
Unisulcus, though not one of the largest kind, has left one of the most distinct tracks. 
It might be supposed to be the trail of a small mollusk ; but it looks rather like that of 
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an annelid similar to the common earth worm, or angle worm, which leaves merely a 
smooth furrow ; whereas mollusks plough their way through the mud and leave ridges 
on each side of the groove. 

Found, also, at the Portland quarries. 

Species 2. Unisulcus intermedius. (Nov. Sp.) 

[In the Cabinet, Nob. y, |f, *f, |j, f f] 

Width of the groove, 0.1 inch ; very crooked and often looped. 
Shown of the natural size on Plate XXVI., fig. 2. 

Locality. — Turner's Falls, on gray micaceous sandstone; grooves very numerous and 
crooked, bearing a striking resemblance to the trackways of the common earth worm on 
the mud after a warm rain in the summer or autumn. Discovered by Mr. Field. 

Species 3. Unisulcus minutus. 
Herpystezoum minutum. Fossil Footmarks of the United States, Plate XVII., fig. 2. 

[In the Cabinet, Nos. ||, ff, $f ] 

Width of the groove, 0.05 inch, or one-twentieth of an inch ; trackways very numerous 
and intertangled. 

Shown of the natural size on Plate XXVI., fig. 3. 

Locality. — Turner's Falls, where it was dug up by Mr. Marsh. 

Nature of the Animals of this Genus. — Perhaps I have said enough on this point, 
under the first species; certainly I know but little about it; though the trails left by 
these animals on stone correspond strikingly with those of annelids, which meet us so 
frequently on mud during the summer. 

Genus II. — COCHLICHNUS, (x/^in?, a screw, or snail, and fr^o;, a track ; the screw track.) 
Trackway a continuous serpentine furrow, resembling a compressed corkscrew. 

Species 1. Cochlichnus anguineus. (Nov. Sp.) 

[In the Cabinet, Nos. ff, 

Chord of the right and left curvatures of the trackway, 0.3 to 0.75 inch. Width 
of the trackway, about the thirtieth of an inch ; broader in that part of the curve against 
which the animal must have pressed the hardest, in advancing like a snake ; which must 
have been its mode of progression. Double versed sine of curvature, or double the 
distance of the curves from the median line, 0.1 to 0.35 inch. Spire not unfrequently 
gradually diminishing towards one extremity. 

Outlines of several of these trackways of the natural size are shown on Plate XXVI., 
fig. 6. A fine example may also be seen on the slab belonging to the heirs of Dr. 
J. C. Warren, of which a sketch is given on Plate XXXVII., fig. 4. 

Locality. — Turner's Falls, on Mr. Field's farm ; of course quarried out by him. 
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Nature of the Animal. — The regular and even graceful curvature of the trackway 
to the right and left, is the grand distinction between this animal and the Unisulcus ; and 
I must think that it indicates a generic distinction without doubt. Nay, although I have 
placed this genus among the Annelids, its track may have been formed by such an 
Entozoan as the Gordius, or hair worm. By means of the hairs or bristles upon the 
Annelids they are able to advance nearly on a right line ; but though their path is often 
crooked and looped, I have never seen one made by a living Annelid that indicates a 
mode of progression so very like that of serpents as in the case of the Cochlichnus. 

Genus III. — COCHLEA, (xo^ifos, a spiral or screw.) 
Trackway somewhat resembling a double screw or spiral. 

Species 1. Cochlea aechimedea. (Nov. Sp.) 

[In the Cabinet, No. ff.] 

Trackway resembling an Archimedean screw, though not exactly. Width of the 
groove, 0.2 inch. Width of the whole surface covered by the furrows, 0.7 inch. Distance 
from curve to curve on the same side, 0.7 inch. 

Outline of the trackway shown of the natural size on Plate XXVI., fig. 9. An 
ambrotype sketch of the same is given on Plate XLIX., fig. 7. 

Locality. — Turner's Falls, Lily Pond. 

Remarks. — The trackway of this species is so peculiar that I find it very difficult 
to conceive how it was formed; and it is quite possible that I may have mistaken its 
■ character in putting it down as a species of Annelid. But I can see in the single specimen 
as yet found, no affinity with any other footmark, nor explain it by any other than an 
organic agency. 

Gencs IV. — HALYSICHNUS, (Slvmi, a chain, and tx'°t, a track ; the chain track.) 
Trackway with ridges on each side ; as if the animal had ploughed its way through 
the mud instead of gliding over the surface ; crossed at intervals by depressions, giving 
to the pathway the appearance of a chain. 

Species 1. Halysichnus laqueatus. (Nov. Sp.) 

[In the Cabinet, Nos. jf, if.] 

Length of the links of the trackway, 0.3 to 0.7 inch. Width, including the ridges, 
0.1 inch. Links slightly the widest in the middle. Pathway repeatedly looped, as the 
specific name implies. 

Outline of the pathway of this species shown of the natural size on Plate XXVI., 
fig. 7. 

Locality. — Turner's Falls, Lily Pond ; on light colored shale. 
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Species 2. Halysichnus tardigradus. (Nov. Sp.) 
Length of the links of the trackway, 0.2 to 0.25 inch ; width, 0.05 inch. Tracks 
looped. 

An outline sketch of this species (a poor one, however,) is given on Plate XXVI., 
fig. 8. Our Cabinet has no specimen ; but I am indebted to Mr. Field for liberty to trace 
this outline from a specimen in his possession, found upon his farm. It differs from the 
first species only in being more delicate and in the shortness of its steps, if I may apply 
such a term to the successive muscular movements of an annelid. 

Nature of the Animals of this Genus. — It is well known that some annelids move 
forward by pressing down the anterior extremity of their bodies upon the ground and 
then by a muscular effort bringing up the other parts of the body. One cannot look 
upon the trackways of the species of Halysichnus without a conviction that these animals 
advanced in the same manner. I have, therefore, placed these species under the Annelids, 
although aware that some other animals, and especially the larva? of insects, move forward 
in the same manner. 

Genus V. — CUNICULARIUS, (a miner.) 

Animal constructing a covered pathway along the surface ; using bits of the soil to 
form the arch. Able to move backward as well as forward. 

Species 1, Cunicularius retrahens. (Nov. Sp.) 

[In the Cabinet, Nos. ft, |f |§, $}.] 

Trackway crooked and branched. Branches terminating abruptly, and sometimes 
showing an accumulation of mud at the end. Animal able to move backward as well as 
forward. Impressions made either by the animal or its rough tube, upon the rock above 
as well as below. Width of the furrow, 0.22 to 0.4 inch. 

A rather imperfect outline sketch of one of these trackways is shown on Plate 
XXVI., fig. 4. 

Locality. — Turner's Falls, below the cataract and near the trap. Also at Middletown, 
Connecticut. 

Nature of the Animal. — As mud holes dry up in the summer it is not unusual to find 
the surface more or less covered with small raised and crooked ridges, not made by an 
animal merely crowding along just beneath the surface, but by the mud prepared in some 
way and made rough by being broken into small pieces. Although I have frequently 
noticed their appearance, and knew that it must have been produced by some worm, I have 
neglected to ascertain its nature, not supposing that any thing analogous would meet me 
in my ichnological researches. But if I have not mistaken the character of the Cunicularius 
retrahens, its trackway is of the same description. It is so peculiar, however, that I have 
been several times on the point of concluding that the specimens are not of animal but 
vegetable origin. One of the usual characters by which we distinguish a track from a 
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vegetable here fails us, viz. : that the track only depresses the surface : whereas a vegetable 
interposed between the layers will leave an impression also upon the layers above it which 
have mantled upon it. But if this trackway was formed as I suppose, the covered way, 
being raised above the surface, would become a cylindrical body interposed between the 
layers of mud as they were silted in after the animal had constructed its subterranean 
passage. It is Annelids that build tubes around them in the sand, and cement the walls 
together ; as the Lumbricus marinus, the Sabella, Terebella, &c. ; and, therefore, I leave 
the Cunicularius among the Annelids. 

Genus VI. — SPHiERAPUS, (aqpwi^i, a sphere, and noi>g, a foot; the sphere foot.) 

Trackway consisting of a furrow, in the bottom of which are two rows of spherical 
impressions, as if made by tubercles, rather than the feet of the animal. 

Species 1. Sph^erapus larvalis. (Nov. Sp.) 

[In the Cabinet, Nos. f j, y.] 

Width of the trackway, 0.2 inch. Diameter of the small spherical dishes made by 
the tubercles, which are evidently sessile, 0.08 inch. 

Distance between the impressions made by the tubercles 0 to 0.05 inch. 

An outline of the trackway of this species is given on Plate XXVIII., fig. 2. On 
Plate VII., fig. 33, are shown the tracks of a larva of an insect; which I refer to here, 
because they certainly bear a strong resemblance to the trackway of this fossil species. 

Locality. — Turner's Falls, on Mr. Field's farm. 

Species 2. SphjErapus magnds. (Nov. Sp.) 

[In the Cabinet, Nos. \\, If-.] 

Width of the trackway, 0.55 inch. Diameter of the small spherical impressions, 
0.15 to 0.2 inch, Impressions generally almost in contact, but when the animal changed 
his course, the outer ones are separated as much as 0.4 inch, either because the impressions 
are real steps, or the muscles were stretched in changing the course. 

An outline of the trackway of this species is given on Plate XXVIII., fig. 3. 

Locality. — The hard red shale at Turner's Falls. 

Remark. — This species differs from the other chiefly as to size. The tubercular 
impressions are arranged with a little more regularity in the S. larvalis, than in S. magnus. 
The former looks more like the larva tracks above referred to than the latter, and hence the 
name larvalis. 

Nature of the Animal. — In the autumn of 1857, I found numerous larvaj of an 
insect beneath the rock maple ( Acer saccharinum,) and feeding on its leaves, whose tracks, 
figured on Plate VII., fig. 33, so much resemble the trackway of the species of Spha5rapus, 
that I concluded both must have been produced by the same class of animals. Hence I 
placed the SpherapuB among the Insects. But if we recur to a principle of paleontology 
already stated in the early part of this Report, that what are now larva forms typify extinct 
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adult forms, we ought to look among existing adult forms to find the place of those ancient 
forms that correspond to existing larva forms. If so, we are led more probably to the 
Annelids than the insects for the place of the Sphserapans. For some existing Annelids 
have " tubercles arranged in pairs along the under side of the body, which serve the 
purposes of feet." ( Rogefs Bridge-water Treatise, Vol. 1, p. 201. Philadelphia. 1836.) I 
have thought it safest, therefore, to place this genus among the Annelids. Nor should I 
be surprised if the Cunicularius should be found identified with the Sphocrapus. My 
specimens are defective just in those parts where we should look to settle this question. 
Should this conjecture turn out to be true, then the Cunicularius should be dropped 
and the Sphserapus retained. 

Opinions of distinguished Zoologists and Anatomists as to some of the Invertebrate Tracks. 

I forwarded proof sheets of some of the Plates attached to this Report, especially of 
the smaller tracks which I have supposed made by invertebrate animals, to several 
gentlemen, asking their opinion as to their nature so far as they could judge from mere 
delineations. And though the request might seem hardly reasonable on account of the 
imperfect idea which the drawings convey of the specimens, I have been gratified with 
several answers which I deem so important that I venture to add them to my own 
imperfect views. 

Says Professor James D. Dana : " I have given many thoughts to the Plates of the 
tracks you sent me, but find it impossible to come to a certain conclusion respecting them. 
The impressions which you have named Hamipes, (Plate 25,) Bifurculapes, (Plates 27, 

29, 30,) Lithographus, (Plates 29, 30,) Ilexapodichnus, (Plate 29,) Conopsoides, (Plates 29, 

30, ) may all be the work of Crustacea. The legs of Crustacea end usually in a styliform 
joint, which would make the straight or curved scratch ; and they are numerous so that four 
or more rows would be natural ; they are placed often at different angles to the body ; and 
often there is an anterior pair thrown more directly forward than the others, — the others 
spreading more rapidly. The breadth of the track-path is so large in several of them that this 
would throw the weight of probability on the side of the Crustacea. Such tracks, therefore, 
as the Ilexapodichnus, Conopsoides, and the Bifurculapes may have been made by Macroural 
species, (shrimp-like,) or some Anonioural. Tracks like those of Lithographus I should 
rather refer to the Isopod Crustaceans (sow-bug group.) The Isopods throw their legs 
outward or obliquely backward, excepting the anterior pair, which are sometimes chelate 
and thrown directly forward ; moreover the legs in many species have a hooked or uncinate 
form like the tracks of the Lithographus. In the legs spreading outward and backward 
they differ from the Macrourans in which they extend usually obliquely forward." 

" As to the other impressions I could not give any suggestions of value." 

Says Professor Joseph Leidy : " Observation should precede speculation, and in the 
subject upon which you wrote to me I can only advance the latter. Figs. 4, Plate XXIX., 
3, 4, 5, 6, 7, 9, XXV., 1, 2, 3, 4, 6, 7, 9, XXVI., look to me like fucoid impressions. 
May not 4 of XXIX. have been a delicate rete-like fucus, which has left the impression of 
its conceptacles \ The figures of Plate XXX. appear to me to be the tracks made by small 
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crustaceans ; and this is perhaps the case, also, with the marks of Plate XXVII. ; 2, 3, 6, 7, 
of Plate XXIX., and 1, 2, 8 of Plate XXV. Similar appearances to these which I think 
are crustacean tracks, I have seen on the sea-shore, made hy hoth insects and crabs, so far 
as I can recollect. Such observations ought to be made on the ocean beach, and casts 
taken in plaster, which could be readily done." 

On his return from Florida, Professor Agassiz wrote mc as follows, respecting some 
of the tracks which I have figured ; though I am unable to say to which of the Plates he 
refers: doubtless, however, to some of those which I have grouped under Crustacea, 
myriapods and insects. 

" While in that region (Florida) I have made many important observations respecting 
the footmarks, and satisfied myself that I was correct in referring all the double tracks, as 
well as those with many rows, to the class of Crustacea. Indeed, some of these animals 
make very different tracks according to their various gaits ; and you would no doubt be 
surprised in tracing the Ocypode arenaria, to perceive how close some of its tracks are to 
those of the sandstone of the Connecticut Valley — the same species making several of 
your genera. It would be worth your while to go south for that special purpose." 

Tabulur View of the Lithichnozoa. 
At the end of this Report, immediately before the Glossary and Index, I have placed 
a Tabular View of the characters of the Lithichnozoa, prepared by my son, Charles 
Hekhy Hitchcock, Curator of the College Cabinets. And as he has spent much time in 
arranging and labelling the Ichnological Cabinet, he alone of all men is able to distinguish 
and point out the characters of the different species described in this Report. I mention 
this, because when I am gone, it may be convenient to have some one at hand who can 
explain my views, should he survive me. 

Other Phenomena connected with, or illustrating the Fossil Footmarks. 
1. Impressions and Casts of Rain Drops. 
The same surface over which the animals of sandstone days walked, often shows numer- 
ous minute hemispherical impressions most clearly referrible to rain : for rain now produces 
exactly the same markings upon mud. If the surface thus impressed were sun dried, so 
that when water brought in a layer of mud over the spot, it did not wash away the 
impressions, and the whole was ultimately converted into stone, on splitting these layers 
apart, on the lower one we should find depressions, and on the under side of the upper one, 
protuberances or casts of rain drops. Such we do find : the phenomena being parallel to 
those of the tracks, excepting that the rain drops do not show themselves on successive 
layers, except as the result of successive showers ; for a drop of rain could scarcely at all 
depress the layers of mud as an animal would do. If the rain drop, however, struck the 
surface obliquely, it would produce an elongated impression, and such moulds and casts we 
sometimes find. These show us of course the direction of the wind at the time of the 
shower ; while the size and number of the drops give us an idea of the amount of rain 
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These specimens, then, furnish us with a rain gauge and an anemometer for those ancient 
times, and they show us that the same laws regulated storms then as now. 

Having given in my Final Report on the Geology of Massachusetts, a sketch of a 
good specimen of rain drops on stone of the natural size, I have in this Report attempted 
only to show a few varieties of the impressions. The subject deserves a fuller series of 
illustrations than I could give here, without reducing too much the number of Plates 
illustrating the footmarks, or swelling the whole number to an unreasonable extent. The 
specimens in the Cabinet (Nos. V, ¥, V, ¥, V. ft. \l, ff. «. H. V. ¥. V. ¥, ¥, ¥, 
tti ¥i I! to II) If. if to li If to Hi a l so on day if. ii) suow an extensive variety; a 
few of which of course much less than the originals, are shown on the following Plates, 
copied from ambrotype sketches. 

Plate LVL, fig. 5. Rain Drops. 

fig. 6. Rain Drops. 

fig. 7. Rain Drops and Ripple Marks: the former in the depressions 

only between the ridges. This is an unique variety, 
fig. 8. Rain Drops. 

From some experiments made by me, of throwing water into the air and letting it 
come down in drops upon a plastic surface, I became satisfied that the most perfect 
specimens of fossil rain drops must have been made by a slight shower, and not large rain 
drops. For where the ram falls thick and fast, and especially in large drops, it soon effaces 
the marks of separate drops, and produces irregular cavities with tortuous ridges, as shown 
on Plate LVL, fig. 5. The finest examples of rain drops I have seen on mud were produced 
by the few scattered drops that fell after the principal shower had passed over, and prepared 
the mud to be finely impressed. 

The same surface impressed by rain drops, not unfrequently shows footmarks. If the 
latter were made subsequently to the former, they would partially or wholly obliterate the 
rain drops. That the obliteration is often only partial, we leani from specimens on clay, of 
which Plate XXXIL, fig. 1, is a good example; for beneath the boy's footmark, although 
obviously impressed after the shower, the rain drops are quite distinct. The degree of 
obliteration would of course depend upon the depth of the footmark and the plasticity of 
the mud. 

The occurrence of rain drops on the same surface with footmarks, is an important 
fact in our reasoning as to the latter. For it shows us that the surface impressed by the 
animal, was generally above the water when the tracks were made, and not beneath, as 
some would suppose. It does not follow, however, that this was always the case. For in 
some instances my own conviction is, that the tracks were formed beneath the water, as in 
the case of the Isocampe strata, where not only are the rain drops absent, but the surface 
has a certain rough and uneven appearance, as we see on mud beneath the waters, and not 
that smooth and even surface which results from the subsidence of mud rendered plastic by 
water, which has subsequently more or less drained off. 
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Gas Pustules. 

The layers of clay found in the banks of existing rivers arc sometimes coated with a 
film of argillaceous and organic matter, which has so much tenacity that it may be raised 
in a bladder by gas collected beneath, which for a considerable time it will prevent from 
escaping. And either atmospheric air, or some other gas does sometimes collect beneath 
the surface, and raise vesicles or pustules, which resemble rain drops in relief. When the 
gas at length escapes, they collapse, yet usually leave a circular trace, which is easily 
mistaken for rain drops, although not depressed below the surface. Indeed, not long since, 
some geologists undertook to account for all the supposed rain drops by these pustules. 
But if they had carefully examined all the phases of the phenomena, they would have seen 
the difference between the rain drop and the pustule. Plate LV., fig. 2, has on the 
original some of these gas pustules, although not easily shown upon a drawing. 

Ripple Marks. 

These are parallel, sometimes tortuous ridges of sand or mud, with intervening 
hollows, produced by small waves of wind or water, and resembling those of the latter. 
Wind will not form them in mud, but in sand only ; yet water will do it in mud and 
sand. 

Ripple marks are very frequently seen on the surface over which animals walked, 
although in but few cases have I attempted to exhibit the ripple marks on the sketches 
of the slabs in the Cabinet. Plate XLIIT., figs. 3, 4 and 5, however, show the ripple 
marks. The tracks on these slabs are quite small, yet very pei-fect ; and I hence infer 
that they were made subsequent to the ripple mark. Such I believe is always the case ; 
for the process of forming the latter would obliterate the former. But from the ripple 
marks we learn the important fact, that the surface on which the animals trod, was a 
little time previously beneath the waters, and that the animals trod upon it before it had 
been above the waters long enough to get hardened, or to have the ripple marks effaced. 
Yet subsequently, and with no great interval of time, the spot must have been again 
beneath the water, in order to bring over it new layers of mud to be converted into rocks. 
That the interval was short, appears from the perfection of the tracks, which, if long 
exposed to atmospheric influences, must have been wholly or partially erased. 

These facts look more as if the surface trod over by these ancient animals, was the 
shore of the ocean exposed to the action of tides, than the shores of rivers or lakes, where 
the water rises and falls only at long and uncertain intervals. The daily rise and fall 
of the waters would be much more likely to preserve the tracks and rain drops, than a 
long interval. The only difficulty would be, to make the surface in a few hours hard 
enough to retain the impressions, while the flood tide should bring in and spread a new 
deposit of mud. But if a tropical sun were shining upon it, and perhaps, too, an unusual 
degree of heat were propagated iipward from subjacent partially cooled trap, or volcanic 
grit, this might be done. And that a tropical climate prevailed in this Valley during 
sandstone days, the tropical plants and animals found in the rock abundantly testify. 
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Once I could hardly have heen made to believe that there was any danger of 
confounding fossil footmarks with ripple marks ; but since I have attempted to work out 
the genus Ptilichnus as the tracks of fishes, this very question has occasioned me much 
perplexity, and I am still in doubt whether the species P. pectinatus will not prove to be 
delicate ripple marks ; for certainly the most delicate of these may look much like the 
impressions made by the fins of fishes. Indeed, I have often been made to feel in these 
investigations, that objects and operations in nature whose typical forms differ toto coelo, 
as it were, become in certain abnormal conditions apparently identical. The tyro in 
philosophy is hence led to doubt whether we can place dependence upon any of the 
distinctions in nature upon which naturalists rely. But a larger experience brings him 
off from so superficial a view. It is easy for a man, who has only a slight acquaintance 
with fossil footmarks, to persuade himself that ichnolithology has nothing better than 
conjecture to rest upon ; but a few weeks or even days in the quarries and the cabinets, 
will show him that this branch of paleontology has as real a basis as any other. 

Septaria. 

Portions of the material out of which rocks are formed, as they dry, separate into 
numerous pieces, forming cracks, and when these are subsequently filled by calcareous 
matter, they are called Septaria, or Turtle Stones. They assume all manner of shapes, 
and formerly were supposed to be mistaken for tracks, or rather they were regarded as 
affording a sufficient explanation of what were called tracks. And although that opinion 
has long since been abandoned, I notice the septaria here, because it is merely possible 
that some of them might be mistaken for tracks. They are not abundant in this Valley, 
and are generally small. The only place where I have seen tracks associated with them, 
is at the quarries in Chicopee, and at Chicopee Falls. But the most stupid observer 
could not confound the two things at these localities. 

Sun Cracks and Mud Veins. 
If a muddy and especially a clayey surface be long exposed without rain to a hot 
sun, it becomes filled with cracks, which generally run in such directions as to form 
polygonal masses. The cracks are often quite deep, and if afterwards mud is brought 
over the spot by water, it falls into these fissures, so that when the whole is converted 
into rocks and split open, we shall have the surface covered with mud veins, which, though 
they meet and apparently intersect, never cut off one another, but coalesce at the 
crossings. 

These mud veins are very common in the shale of this valley, and to unpracticed 
eyes are quite perplexing. The most remarkable locality that I have ever seen is at the 
Portland quarries, where sometimes the surface looks like mosaic, or rather like a 
pavement of polygonal masses, with mortar between the pieces. Sometimes the edges 
of the pieces are finely rounded, in some way to me inexplicable. Two examples of this 
kind are represented from ambrotype sketches, on Plate LVL, figs. 1 and 2, from Portland. 
These so mimic huge letters, that they are labelled in the Cabinet (Nos. and Jy 1 ,) 
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" Nature's Hieroglyphics." Fig. 3, shows a somewhat analogous example from Turner's 
Falls, though here the surface seems to have been considerably modified by water (No. If-). 
Fig. 4 represents a similar case from No. jif. 

These sun cracks often, probably always, were produced after the passage of the 
animals that made the tracks : I say always, for after desication the surface would become 
so hard that animals in general would make no impression. The cracks very often cross 
the tracks, or more frequently proceed outward from the toes, giving an enormous apparent 
extension to the toes. But a practiced observer can easily distinguish between the track and 
the veins. They sometimes distort it somewhat, and in one instance at least produce such 
an anomalous appearance that I have signalized it in the name, ( Arachnichnus dehiscens.) 
In general I have not attempted to delineate those veins upon the Plates. On Plate 
XXXIX., fig. 1, which is full of them, they are shown indistinctly, and in Plate LX., 
fig. 1, more obviously. 

Fucoids and other Fossil Plants. 
The former of these, having sometimes a bifid and sometimes a trifid appearance, were 
supposed in the earlier days of ichnology, when I had to contend with prejudice as well as 
with reasonable doubts, to account for all the phenomena of the so-called fossil footmarks. 
A visit to the quarries and the cabinets showed the entire inadequacy of this explanation. 
Nevertheless, in the progress of these investigations it is curious to observe how the fucoids 
and the tracks are brought into close proximity and resemblance, in a quarter not dreamt 
of by the original authors of this hypothesis. I refer to the annelid tracks. Some of 
these do so closely resemble certain ribbon-like fucoids, or sea-weeds, that I have found it 
difficult to distinguish between them. The same is true of certain insect tracks, of which 
I have given an example under the genus Lithographus, and on Plate XXIX., fig. 5. 

Some other plants have been found in this sandstone, which easily might be, and in 
fact have been, mistaken for tracks. Perhaps the most singular of these is one found ten 
feet long, by Mr. Field, on his farm at Turner's Falls. Professor Emmons, in his recent 
work on American Geology, has figured a branch of it as a track. I cannot agree with 
him in opinion ; but of the nature of the plant I shall offer no conjecture, not having 
studied it, nor attempt to describe it, as that would occupy too much space, and require 
several plates. I refer to it as an example where we are liable to confound things quite 
dissimilar in their nature, and in order also to put those who come after me, upon the qui 
vive in their researches. 

Tracks of recent Animals and Rain Drops upon Clay ami Mud. 
In 1841 Dr. Buckland described the tracks of deer and oxen on the mud beneath the 
peat in Pembrokeshire, England, which must have been made centuries earlier. More 
recently tracks of wading birds and rain drops have been described by Sir Charles Lyell 
and others, on the clay in Nova Scotia. These are very perfect. In 1855, my son Charles II. 
Hitchcock described, in the American Journal of Science, (Vol. XIX., New Series, p. 391,) 
the tracks of no less than thirteeen species of animals, with rain drops and air vesicles, or 
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gas pustules. The animals are man, the dog, the crow, the snipe, the frog, some molluscs 
and annelids, and some unknown species. As the specimens have heen presented to the 
Ichnological Cabinet, I have had ambrotypes or outlines taken of the most interesting, 
which are shown on the Plates accompanying this Report. 

Plate XXXI., fig. 2, shows a row of snipe's tracks and rain drops, all of the natural 
size, on clay. 

Plate XXXIL, fig. 1, gives a boy's footmark with that of a bird, probably a crow, 
and rain drops, of the natural size. The delicate strise that cross the human foot are 
perfectly preserved on this specimen, as are the papilla; on the bird's foot ; and they show 
finely how by this character alone, without reference to the form, the tracks of different 
animals may be distinguished. And they prove, moreover, that such delicate markings 
might be preserved, and become hardened into rock. I regret, however, that by a slight 
mistake this human foot is considerably distorted, and the strise are not fine enough. 

Fig. 2 of the same Plate, shows the tracks of a frog, with those of a bird. 

Plate LIV., fig. 1, exhibits the tracks of a snipe taken from an ambrotype sketch from 
No. The animal seems to have stopped at a certain point and changed his course. 

Fig. 2 shows tracks of the same in a line, from No. 

On fig. 3 we have the tracks of a very small bird, I know not what, and of a frog, 
from No. |f . 

Fig. 4 presents us with two tracks of a crow, as he stood still. 

Plate LV., fig. 2, shows two rows of the tracks of a very small animal, probably a 
quadruped, but unknown to me, from No. j-J. Here, also, we have several examples of gas 
pustules. I am not sure that I have ever found any of these upon the sandstone, though 
several appearances there remain yet unexplained. 

Fig. I of the same Plate is a sketch of the natural size, of the track of a South 
American Ostrich, from a plaster mould (No. #§) presented me by Professor Jeffries 
Wyman. It will be seen by this drawing, that though the track greatly resembles in its 
general appearance that of the smaller species of Brontozoum, and shows protuberances, 
they do not correspond well to the number of phalanges. It is remarkable that the fossil 
tracks are so uniform and definite in this respect. 

On Fig. 3 of the same Plate, may be seen the tracks and tail trace of a small 
salamander, caught by Eoswf.ll Field, and made to leave these impressions on mud as 
a condition of liberation. Mr. Field has presented the specimen (No. 3§) t0 the 
Ichnological Cabinet, and there it illustrates and confirms the views that have been 
presented in the preceding detailed descriptions as to the fossil tail traces, which exactly 
resemble this recent one. 

Fig. 4 of the same Plato shows the trail of a small Annelid, with exceedingly delicate 
impressions on the sides, of the seta;, or hairs, of the animal ; so small are they, that it is 
difficult to represent them on the drawing. This case shows us what sort of a trail these 
small worms (possibly a Myriapod) leave upon the mud, and how traces even more 
delicate than the feet of insects, may be made and preserved. This trail is on clay from 
Hadley, (No. 
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We have, then, in these recent tracks on clay, an almost exact counterpart of all the 
phenomena of fossil footmarks, and the manner in which they were formed. Here we 
have formed and preserved under our immediate inspection, the tracks of some thirteen 
species of animals, from the size of man's foot, down to those of almost microscopic 
littleness ; the smallest and most delicate traces being preserved with a perfection that 
seems beforehand hardly possible. The season when they were formed was a hot and 
dry one, and the spot an area of some acres of clay, denuded of soil, on the banks of 
Connecticut River. Here every rain storm or shower would leave pools of water, around 
and through which, various animals walked in search of food. Afterwards the water was 
dried up, and the clay so hardened that it could be split up and transferred to the Cabinet. 
This was done several times in the course of the season, and iu other years ; I know not 
how any one can escape the conclusion that the fossil footmarks and rain drops were 
formed in a similar manner. Indeed, I have always found these tracks on mud and clay 
to be the most effectual argument I could use to convince those who were skeptical as 
to tracks ; and if they withstood this, I have regarded them as hopelessly unbelieving. 

It will be seen that this modern ichnology presents us with one interesting addition 
to the ancient. We have here the tracks of man, and the conclusion is certainly fair, that 
had he existed when the other animals left their footmarks on stone, his would be found 
among them. This conclusion is not, indeed, new ; but in accordance with the whole 
testimony of geology, which proclaims man to be among the latest of the animals that 
have appeared upon the globe. 

Results and Conclusions from the preceding Descriptions of the Footmarks. 
Some of the conclusions to which almost every mind comes at once on a review of 
the facts which have been detailed, are almost too obvious to need a formal statement. 
But it may be desirable. 

1. These tracks were made while yet the rocks containing them were in a plastic 
state. In fact most of them must have been in the most favorable state in which mud 
can be, for receiving and retaining impressions. The subsequent consolidation of those 
materials may have been accomplished partly by heat and partly by chemical agency. 
The length of time occupied in this work is of no consequence ; since, after the tracks 
were covered by mud, they would retain their form uninjured an indefinite length of 
time. 

2. The tracks were made on the shores of an estuary, or lake, or river, where animals 
resorted for food, as they now do. 

The organic remains in this sandstone make it probable that it was not a strictly 
marine deposit; since, with the exception of what have been supposed to be fucoids, 
marine relics are wanting, with the exception of one or two species of shells. Yet, as 
already shown, the occurrence of tides along the shores, is rendered probable. I rather 
presume that the valley was then an estuary, almost wholly cut off from the ocean, and 
perhaps the mouth of a large river, the Connecticut of a former continent. This was 
traversed and dotted by islands, and the curvature of the trap ranges produced several 
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sheltered coves, where animals would find warm and pleasant abodes ; as around Turner's 
Falls, on the south-east side of Holyoke and Tom, and at Middletown in Connecticut. 
The space traversed by the animals, was generally only a few feet wide, and hence the 
tracks are so numerous, as the Plates will show. I know, indeed, of some exceptions, 
where the animals seem to have roamed over a broad space, as at the east foot of Mount 
Tom, and in Portland and Middletown ; but the sheltered spots, then coves, seem to have 
been their favorite haunts. Hence it is that we find so many species huddled together. 

3. The probability is that the climate, during the sandstone period, was tropical, 
with perhaps an alternation of wet and dry seasons. The surface, as the gigantic sun 
cracks indicate, must often have been subject to powerful heat; and perhaps it would 
require a greater and longer continued heat than now occurs, to harden the tracks, so 
that the returning waters should not wash them away before they were covered by a 
deposit of mud. The great size of the animals, also, indicates a tropical habitat, if we 
judge from existing nature. Moreover, the huge trunks of trees dug out of the Portland 
quarries, although their exact nature has not yet been determined, have a decidedly 
tropical aspect. And still more certainly tropical is the radiated Clathropteris of East 
Hampton, and Turner's Falls. 

I am aware that Dr. Joseph Bahratt, of Middletown, who has paid great attention to 
this subject for more than twenty years, maintains that he has discovered frost marks in the 
sandstone. He has kindly shown me his specimens, which may, indeed, have had such an 
origin. But they do not seem to me to require any other agency than water, and perhaps 
Annelids, for their production. 

4. The consolidation of the tracks may have been hastened by the trap rock not yet 
cooled, when they were formed, lying often at no great depth beneath the thoroughfares 
which the animals trod. 

This conclusion is not absolutely certain: but if the trap was introduced in the 
manner and at the times suggested in the preliminary part of my Report, it may have 
retained heat enough, up to the time of the deposition of most of the footmark layers, to 
hasten the work of their consolidation. If so, it may help explain the singular fact, that 
the sandstone of this valley has retained more footmarks than all other deposits on the 
globe hitherto described. And yet, one would suppose that similar circumstances as to the 
trap and sandstone, would have existed in other places. 

5. Were this the proper place for indulging in curious speculation, and deducing 
moral conclusions from physical facts, a wide field opens before us. But I will indulge 
only in a single suggestion. We see in the preceding details, how the slightest action of 
ours, even the most unnoticed decisions of our wills, may make an impression on the globe, 
which will endure, and may be read, as long as the earth exists. To illustrate this 
thought, let me recur to Plate XLV., fig. 1 , where Tridentipes gracilior is seen to have 
marked out a portion of an ellipse by its track ; or to Plate XXX., fig. 3, where an insect, 
or crustacean, the Bifurculapes laqueatus, is seen to have marked out a circle by its track. 
Now this change in the animal's course must have required the use, and the increased or 
diminished action, of certain muscles in its legs. We have, then, in these cuivcd tracks, 
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certain evidence of the peculiar action of the Adductor, or Sartorian, or Gastrocnemian 
muscle, or of all of them together, in the leg of a small bird ; nay, of a small insect ; 
perhaps ten, perhaps fifty, perhaps a hundred thousand years ago! Still further, that 
muscular movement implies a previous act of the animal's will, and that implies, as we 
now know, an electric current inward along the sensor nerve, and outward along the motor 
nerve. With the register before us of the decision of an insect's will, made fifty thousand 
years ago, and the corresponding movement in the muscles of its legs, who will dare to say 
that any action of ours, or any operation of the human mind, will certainly be so lost that 
it may not reappear in all its freshness ten thousand ages' hence ! 

6. Let us now now take a synoptical view of the species of animals that once lived 
in the Connecticut Valley as made known by their tracks. As already stated again and 
again in describing them, I expect that future discoveries will strike out some of these 
species : but my prediction is, that they will bring a still larger number of new ones to light. 



Number of Localities of Tracks in the Valley thus far discovered, ... 38 
Length of the Sandstone Bolt containing Tracks, ....... 90 miles. 

Width of the Sandstone Belt containing Tracks, . . . . . . . 2 or 3 miles. 

Whole number of Species in the Valley described above, ..... 119 

Number of Bipeds, ............ 31 

Number of Quadrupeds, ........... 55 

With more than four feet, 18 

Without proper feet, .*.......... 12 

With an uncertain number, ........... 3 

Marsupialoid Animals, ........... 5 

Thick-toed Birds 14 

Narrow-toed Birds, . . . . . . . . . . . .17 

Ornithoid Lizards or Batrachians, . . . . . . . . . .10 

Lizards, 17 

Batrachians, the frog and salamander family, . . . . . . .11 

Cholouians, the Tortoise family, .......... 8 

Fishes, .............. 4 

Crustaceans, Myriapods and Insects, . . . . . . . . .18 

Annelids, the naked worms, ........... 8 

Of uncertain place, ............ 6 



In the above enumeration I have placed Gigantitherium, Hyphepus, 1'olemarchus, 
Palamepus and Typopus, among the quadrupeds ; although as yet no fore feet have been 
discovered. But since those of Apatichnus and Otozoum have come to light, I am 
prepared to find them on all those species, whose other characters ally them to quadrupeds ; 
and I think it safer to judge by the general principles of comparative anatomy and zoology 
of an animal's character, than to infer its deficiency in any organs because we have not 
found them. 

I am aware that some intelligent and perhaps even scientific men will look upon the 
preceding results as little better than conjectural. They believe that we are very liable 
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to be deceived as to the true character of the tracks, and even if that is ascertained, they 
doubt whether it is sufficient to give us the probable nature of the animal. 

In the preceding details I have so often admitted the difficulties and uncertainties 
of ichnology, that I need not repeat the statement. But because this science often leaves 
us in doubt, is it philosophical to infer that it is always at fault? Should we conclude 
that zoology and comparative anatomy are wanting in all settled principles, because it 
cost many years of labor and acute reasoning before the true place of the Oniithorhynchus, 
the Siren, the Pterodactyle, Ichthyosaurus, Zeuglodon, and many other animals, was 
determined? No one thinks of giving up these sciences on account of such facts; for 
the great difficulty in these cases was, that the animals named had great peculiarities of 
structure, and it was not easy to say which predominated. All knew that they were new 
and peculiar ; but where characters common to several classes of animals were so strangely 
blended, it was not easy to locate them. It is the same anomalies of character that 
perplex us in the footmarks. To be sure we have only the tracks to judge from ; but this 
gives us often an accurate idea of the whole foot And is there not as much of corelation 
between the foot and other parts of the body, as between any other organ and the whole ? 
Indeed, has not the foot been regarded as a peculiarly characteristic part? So, as we 
■ have seen, was it regarded by the father of comparative anatomy. And all my ichnological 
researches have strengthened my faith in that opinion. That it will be necessary to change 
the place of some of the species which I have described, I expect. If I could have had 
access to the large collections of comparative anatomy and zoology in Europe, I might 
have avoided some errors. Living in the midst of a region which has become classic 
ground for ichnology, I have done what I could in laying the foundations, and in gathering 
a store-house of materials. Let others, with better light to guide them, carry up and 
complete the structure 

A MORE POPULAR DESCRIPTION OF THE FOOTMARK ANIMALS. 

Having gone through with the strictly scientific details of the subject, it seems to 
me desirable to present, if possible, a more popular account of the most remarkable of 
the races that formerly trod the shores of the Connecticut ; for it is not probable that 
many will have the time or the patience to go through with all the detailed descriptions 
which have been given. Here of course I cannot avoid all repetition. 

In order to appreciate these views, we ought to bear in mind that the records of 
paleontology lead us to presume that among the animals of oolitic days, to which we 
now refer our sandstone, we shall find some of very anomalous character. The Ichthy- 
osaurus, Plesiosaurus, Pterodactyle, Iguanodon, and other huge Saurian reptiles lived 
then, and from their strangely anomalous characters, as described on a previous page, we 
ought to presume that the congeneric races on this continent would not be less peculiar. 
And so we find them, judging from their tracks. 

In reviewing these extinct animals, I shall follow the order in which they have been 
described. 

At the head of the list stand five species, which I have denominated Marsupialoid, 
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that is, animals appearing like Marsupials. These, it is well known, belong to the order 
Mammalia of zoologists ; and although the lowest in organization of that family, yet they 
are regarded as higher than birds and reptiles. They seem to have been the earliest of 
the mammifcrous class — as we should expect from their low grade of organization they 
would be — that appeared on the globe ; five species at least having been found in the 
European oolite. It is with much hesitation that I refer five species more from their 
tracks, not to marsupials proper, but to Marmpahids. Yet I am sometimes inclined to 
believe that a large part of the fifty-four quadrupeds which I have described, belong to 
this family ; for very many of them have unequal feet, and this is a common character 
among living marsupials. It is, also, a curious fact, that almost all the mammalia in 
Australasia are marsupial, and it seems as if we are carried back by the Fauna of that 
part of the world to sandstone days. But I venture at present to describe as marsupialoid 
only a few species. Nor can these be looked upon simply as marsupialoid; for I judge 
that they must have partaken of the characters of other tribes. 

I have called the first genus a Cunoid Marsupialoid ; that is, an animal partaking 
somewhat of the character of the dog family, as well as the marsupial. (Plate LX., 
figs. 2, 3 and 4.) Its tracks, which I have found only in the Portland quarries, consider- 
ably resemble that of the dog, though no claws are seen. The fore feet of that animal 
show on mud, only four rounded impressions, and one behind for the pad of the heel, 
not much unlike the fossil track. I think, however, that the fore and hind feet in the 
latter, arc somewhat unequal, and as the presumption is in favor of the animal's having 
been a marsupial, I place it there with the modifying prefix, Cunoid. It may have been 
a mammifcr higher on the scale than a marsupial, and when I first saw its tracks, I 
could not avoid such a conclusion ; they looked so much like those of a dog, and the 
quarries appear to me to be situated very high in the formation. 

The second variety of Marsupialoid animal I have denominated Omithoid ; that is, 
looking like a bird; because the toes of its hind foot so closely resemble those of a 
thick- toed bird. It embraces the Anomoapus major and minor; and the elucidation of 
the characters of their tracks has cost more study than perhaps any other species that has 
been described. The outlines of the feet,' as we now understand them, are given on 
Plates VIII. and IX. Before the discovery by Mr. Field of a posterior extremity, of the 
nature of a tail, the animal seemed like an enormous frog, in spite of its trifid hind feet. 
But the idea of a frog with a tail, could not be entertained ; and I turned next to the 
Marsupials. And here I found that the kangaroo has five toes on its front feet, like the 
Anomcepus ; and though the hind foot has originally the same number, they ere long 
become consolidated into three. Then the long heel of the hind feet agrees with that of 
the kangaroo. The stout tail of this animal, also, is used as a basis of support when it 
rests upon its hind feet : and so in the fossil species, its caudal appendage seems to have 
been a stout, blunt projection, that might have served as one of the legs of a tripod, for 
sustaining the animal when resting upon its haunches. The indentation made by the 
end of the tail at successive intervals, looks as if the animal moved by leaps, and my 
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impression is that it might thus move ; but I have given reasons for supposing that it 
might usually advance by a movement partaking of the nature both of a leap and a step. 

So much for the marsupaloid character. But its hind feet, especially when separated 
from the heel, as we often see it in the tracks, can hardly be distinguished from those of 
a bird ; with which, for a time, they were confounded. I am not certain as to the number 
of phalanges in the outer toe, but incline to the opinion that they correspond to those of 
birds. Certainly they do in the two inner toes ; but in their distinctness on the tracks, 
they agree with what I suppose to have been thick-toed birds, and not with any living 
marsupial. 

In this species, then, it seems to me we have an animal combining characters now 
found in marsupials and birds. The marsupial predominates, since no analogies will 
justify us in so departing from the existing types of animals as to admit a fossil four-footed 
bird. 

I have placed the two species of Anisopus among the Marsupaloids rather than 
among the Batrachians, chiefly on account of their manner of walking ; which was almost 
in a straight line, the tracks deviating but slightly to the right and the left. The rows 
of these tracks, shown on Plates XXXV., fig. 5, and XXXVI., fig. 1, copied from slabs 
in the cabinets, will demonstrate this statement. Xow it is certain that no existing 
Batrachian or Lacertilian could walk in this manner, but with feet much farther to the 
right and left of the median line. Mammiferous animals with long legs, however, do 
often move almost on a right line. I have presumed, therefore, that these animals might 
belong to that class ; and I have referred them to Marsupialoids, because they have 
unequal feet. I have called them Loricoid, or Crocodilian; that is, appearing like the 
scaly or crocodile tribe of lizards, because they have five toes before and four behind, and 
some of the toes, the outer one certainly, in Anisopus gracilis, are wanting in claws. They 
are diminutive, indeed, compared to the huge crocodiles and alligators of modern times ; 
yet they may have been formed on the same general type. It must be confessed, however, 
that the tracks have a Batrachian aspect, and perhaps should be called Batrachoid ; yet 
living Batrachians have four toes in front and five behind ; whereas in the Anisopus, this 
order is reversed. 

This rectilinear movement of many of the track-discovered four-footed animals, has, 
I apprehend, received too little attention ; for it gives a clear indication of the form and 
character of the animal. It is certain that such animals must have had long legs and 
narrow bodies, such as are now found almost exclusively among the mammifera. Hence, 
as intimated in another place, I cannot but sympathize in the opinion of Duncan, Biionn, 
Wieggman, and Humboldt, as to the character of the Chcirotherium of Europe. They 
refer it to the Marsupials; yet others equally eminent, as Linck, Munster, Owen, and 
Kaup, believe it to have been a Batrachian. But if, as I suppose, its tracks succeed one 
another almost in a right line, it could not have been a Batrachian of the modern type. 

The next Group of the Connecticut Valley oolitic fauna, have left tracks more perfect 
and better characterized than any others. They were three-toed and thick-toed animals, 
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with all tho phalanges of the toes and the claws at the end often quite perfectly exhibited, 
and sometimes even the papilla and stria; of the skin. (See Plates X. to XIII.) 

First comes that huge giant, Brontozoum gigantcum, with a foot 18 inches long, 
and embracing an area 13 inches square within its outlines. Its stride was from 30 to 
CO inches, and its legs were so long that it went forward nearly on a straight line. The 
great resemblance between the general character of the foot and those of the Cassowary 
and Rhea, or South American Ostrich, and especially the number of the phalanges in the 
toes, corresponding exactly to those of birds, make it extremely probable that this was the 
great courser of sandstone days. 10 In my Final Report on the Geology of Massachusetts, 
I have gone into a calculation to show the probable height and weight of such a bird. 
I will not here repeat the details. (See Report, p. 522.) But the result was that the 
animal must have been 1 2 feet high, and have weighed from 400 to 800 pounds. The 
ostrich, the largest living bird, stands between 7 and 8 feet in height, and weighs some- 
times 100 pounds, and the length of its step in walking is 26 inches. 1 ' The great extinct 
birds of New Zealand and Madagascar must have been neai'ly or quite as large as the 
Brontozoum. The recently discovered fossil bird Gastomis Parisiensis, in the tertiary 
rocks near Paris, was " at least as lai - ge as an ostrich." 18 

Yet it appears that these enormous birds passed over the surface in flocks, as 
their rows of tracks, near the railroad in the south-east part of Northampton, show. They 
were doubtless wingless (apterous) birds, like the ostrich, dinomis, and epyornis. But 
how amazed should we be to meet flocks of such birds now. Slightly to change the 
saying of the Latin poet, however, tempora mutantur, et mutandttm est avibus ; (the times 
have changed, and the birds must change with them ) 

But these lords of the soil were not without subjects, who yet were so much like 
them as doubtless to be " kith and kin." Not less than thirteen species of this character 
have left distinct footmarks. They were all large birds, some of them, the Brontozoum 
minusculum, tuberatum, exsertum, and validum, almost able probably to compete with 
the B. giganteum ; and doubtless inclined, taking men as the standard of comparison, to 
be rebellious, and sticklers for their rights and dignity. The smallest of them must have 
been as largo as a turkey. They seem to have associated, in search probably of nourish- 
ment, on the shore left by the tide, which was doubtless their daily hunting ground. 

w I speak of those animals as certainly birds, though doubts sometimes cross one's mind on this point : and I am awaro 
that with some distinguished zoologists these doubts are strong. But I follow what seems to mo at present the most probable 
view. 

1T I quote here from tho Journal of that extraordinary African traveller, Dr. David Livingstone, who states that "when 
the ostrich is feeding, his pace is from 20 to 22 iucheH ; when walking, but not feeding, it is 26 inches ; and when terrified, it 
is from eleven and a half to fourteen feet 1 " lie estimates that in such a ease his rate of speed is twenty-six miles per hour. 
(See Livingstone's Missionary Travels, p. 172. New York Edition, 1858.) There is nothing in the fossil tracks to indicate 
a more than ordinary speed; so that we may regard the common step of the ostrich as a little more than half that of the 
Brontozoum. 

Tho same work gives us tho siz.e of tho tracks of tho wild African elephants, the circumference varying from 48 to 57 
inches ; consequently the diameter, or length of the foot of the largest, is about 18 inches. Doubtless this is much tho 
largest of the tracks made by living animals, and nearly or quite equals the largest fossil footmarks. (Same Work, p. 004.) 

ls Owen. See Proceedings of the London Geological Society, p. 201. February 20th, 1858. 
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How finely a row of these thirteen species would have appeared, standing up side by side ; 
What a temptation to a modern sportsman ! What an attraction in an ornithological 
gallery ! 

Some of these birds had extremely long legs, and I have arranged them under the 
genus Grallator, which means, one who goes on stilts. The stride of the Grallator 
cursorius (the racer) was 24 inches, — very large for a bird of that size, — and the tracks 
are placed almost in a right lino, and the axis of the foot is coincident with the median 
line ; all which circumstances indicate a long-legged animal. 

In the third Group we have seventeen species of what seem to have been three and 
four-toed, narrow-toed birds. I bring all these species together, in this notice, because 
they differ chiefly in the presence or absence of a hind toe, and this so seldom made an 
impression on the mud, that its absence from numerous specimens is no sure sign that it 
did not exist in the animals, and possibly all the three-toed species may be proved four- 
toed by future discoveries. 1 have been able to make two or three of these changes in 
the present Report ; but their names need no change, and the evidence of their ornithic 
character is as strong with four, as with three toes. That evidence is not as strong in 
respect to this Group as in regard to the second, because we have in the former tracks no 
phalangeal impressions. Still the analogies lead more strongly towards birds than any 
other class of animals ; and there I leave them at present ; not without a suspicion, 
however, that some of them may turn out to be quadrupedal ; which suspicion is excited 
by the form of the foot. I do not forget, however, that if in those days there were 
ornithoid marsupials, batrachians and lacertilians, there may have been batrachoid and 
lacertiloid birds. 

The largest species in both these groups, Argozoum Redjieldianum, and Tridentipes 
ingens, are worthy to be leaders of their respective tribes, if size and physical power be 
the ground of distinction among animals, as it is among savages. These species, probably 
less clumsy than the Brontozoum, might perhaps have been a match for that giant ; and 
the lesser species of this group, might have been drawn up in battle array with those of 
the second ; though, indeed, as they preceded man, and were not, therefore, corrupted by 
his example, we would rather believe that harmony and mutual deference prevailed among 
those pre-adamic races. (See Tlates XIV. and XV.) 

The fourth Group brings before the imagination a series of animals, some of them 
of gigantic proportions, and combining characters now only found in two or three classes. 
I call them Ornithoid Lizards or Batrachians, because, while in some respects they seem 
to be assimilated to birds, in others they approach either lizards or batrachians ; for as 
already observed, it is not easy in many cases to distinguish between the two latter classes. 
(Plates XVII. and XVIII.) 

The most remarkable of the whole Group is the Gigantithcrium caudatum. As yet, 
we have no evidence that it had but two feet, and some presumption that it had no more ; 
for its row of tracks, as may be seen on 1'late XL1V., fig. 4, is arranged almost upon a 
straight line, even more so than those of the Brontozoum giganteum, which it rivals in 
size. And as we have seen, the tracks of quadrupeds are not apt to be thus disposed. 
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But if a biped, how strange its appearance must have been! For it had a foot 16 inches 
long, covering a square foot of surface, and must, therefore, have had a huge body. When 
I first saw its track, although it had a small fourth toe, I thought it a bird ; but when I 
found soon after, that it had left the distinct trace of a tail, that opinion must be 
abandoned; for the trace could neither be explained by referring it to the dragging of 
the feet, nor to the large tail feather of a bird. Yet if a biped, its body must have had 
somewhat the form of a bird, in order to keep it properly balanced. The tail, although 
evidently rather stout, was not enough so to help prop up the body. And how very 
strange must have been the appearance of a lizard, or batrachian, with feet and body like 
those of a bird, yet dragging a veritable tail ! 

But even if it should hereafter be discovered that this animal had fore feet, I presume 
they will be found to be small, and probably might be used only occasionally ; for when 
I see an animal like this and the Otozoum, to be noticed farther on, leaving a regular 
succession of right and left tracks of the hind feet, nearly in a right line, my conviction 
is, that they had the power of walking on two legs, or four; and that they usually 
employed only two. These hind legs, also, must have been quite long to enable the 
animal to take steps so nearly rectilinear. In short, either with two or four feet, it seems 
to me that this animal must have been a match for the Gorgons and Chimeras of 
mythology. Yet the huge footmarks in the Ichnological Cabinet, satisfy every observer 
that it was no dream of fancy, but a real inhabitant of the Connecticut Valley. 

The smaller species of Gigantitherium, has left no impressions of a fourth toe on 
any specimens, — and we have several very distinct ones, — in our Cabinet. Yet the track 
exhibits the peculiarities of this genus so distinctly, that for the present I leave it there, 
in the expectation that the fourth toe will be discovered. This species, though small 
compared with the G. major, must have been larger than the Cassowary, or Rhea, though 
less than the African Ostrich. I compare it to birds, because it must have been ornithoid 
as to the shape of its body. 

I should place the Ilyphepus Field! in the same genus, did not the track show the 
impression of a web too distinct to be mistaken. This is the ground on which the name 
is given, Hyphepus (v(pr), a web, and jto€g, a foot,) meaning a web foot. Ilyphepus Fieldi 
means the web-footed animal discovered by Field. Hoswell Field, Esq., of Gill, did 
indeed first bring it to light, as he did the two species of Gigantitherium, and many other 
species, which I have credited to him in the preceding descriptions. It was on his farm 
that Dexter Marsh obtained one of the most splendid specimens of footmarks ever 
found, which is now in the Cabinet of the Boston Society of Natural History, and 
whose counterpart, somewhat smaller, is in the Appleton Ichnological Cabinet (No. 
Since Mr. Marsh's death, Mr. Field has been indefatigable in getting out specimens. 
He has shown great skill and tact in the business, and has doubtless brought to light 
more species than any other man. His farm, and the region contiguous, contain many a 
rich paleontological mine, not merely of tracks, but also of fishes and vegetables. It is 
fortunate that it is owned by one so well qualified to bring to light these hidden treasures, 
and discriminate between the different species. Valuable as his farm is agriculturally, 
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we should rejoice to see it blown up from its deepest foundation. And we doubt not 
that such a bouleverscmcnt would not only fill the cabinets of the land with rich relics of 
sandstone days, but also be more profitable pecuniarily than surface cultivation. 

The Hyphepus, Otozoum, and Shcpardia are the only genera in which the evidence 
of a palmated foot among the tracks is distinct enough to enter into the descriptions. 
The marks of the web are, I think, upon the whole the most decided in the first genus. 
Its tail, also, made a more continuous trail than that of the Gigantitherium, and seems 
to have been stouter in proportion to the size of the body. Yet the resemblance is rather 
strong between the Hyphepus and Gigantitherium, and perhaps they ought to be placed 
in the same genus. The drawings show that we have many long and quite distinct 
rows of the tracks of Hyphepus, and if it had fore feet it seems very strange that they have 
not been discovered. If it had none, then we have in this genus another example of a 
biped ornithoid lizard, or batrachian. 

Of the next five genera in this Group, the Corvipes, Apatichnus, and Plesiornis are 
remarkable as having been almost up to the present time regarded as birds. Their 
tracks, as most usually exhibited, certainly do bear a very close resemblance to those of 
birds ; and I must believe that they partook largely of the Ornithic type. But if quad- 
rupeds, their lacertilian or batrachian characters must have predominated ; for when we 
come to admit anomalies in ancient animals so great that there might have been- quadrupedal 
birds, we have cut loose from comparative anatomy and zoology as guides in our researches. 
Yet these animals must have presented as great peculiarities in ancient times, as the 
omithorhynchus among living races. The fact that in the tracks of the Typopus the 
axis of one foot is turned outward many degrees more than the other, seems to me to 
indicate that the animal's leg had been broken, and without surgical aid joined together 
again so as to stand awry. (See Plate XLV., fig. 7.) 

The fifth Group brings before us a collection of animals, which may be regarded as 
true four-legged lizards ; yet not without peculiarities in some of the species. That one 
which I have placed first on the list, may not be assigned to the right place ; for I have 
in the Cabinet only the foot represented on Plate XVIII., fig. 1, which I suppose to be 
a hind foot. Its fore foot has not been discovered. But there has been no opportunity 
to make such a discovery; since the three distinct specimens in the Cabinet were got 
out by others, and are but little larger than the track, so that the chances of finding 
another foot were very small. Yet those we have look so lizard-like, with their long 
curved slender toes, that I infer the existence of fore feet ; or possibly these may be such. 
But the great size of the heel corresponds better with a hind than a fore foot. I have 
called the animal a Polcmarch, (Polemarckus gigas,) which, among the Greeks, meant a 
leader in war. Such might this lizard have been, if in other respects as well armed as 
in his foot; a foot 15 inches long, with a heel nearly as large as a horse's hoof, and 
armed with a stout spur, or lateral toe. A crocodile ten feet long has a foot scarcely 
ten inches long. (Cuvier, Oss. Foss., Tome 5, p. 104.) Can it be that this animal was 
so much larger than such a crocodile as these numbers imply ? 
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There is another character, besides its great size, that allies this animal to the 
crocodiles, rather than the common lizards. It has only four toes upon its hind feet, 
and that is the number with the crocodile ; but the common lizards have five before 
and behind. This track has been found only near the mouth of Chicopce River, and 
there probably once lived animals allied to Crocodiles or Alligators, of enormous size. 

The Triamopus leptodactylus, or narrow-toed Trioenopus, Plate XIX., bears some 
resemblance to the Polemarchus. I formerly supposed there were two species of the 
former ; hut I rather presume that the specimens are only the hind and fore feet of one 
species. The toes are exceedingly slender ; one of the heels is rounded, the other quite 
narrow and long. But I cannot tell which belongs to the fore foot and which to the 
hind one, though usually the longest heel is connected with the hind feet in the lizard 
tribe. I have met with this species only at Wethersfield and Turner's Falls. Having 
only four toes on its hind foot, it is allied to the loricated Saurians, though small compared 
with existing ones. 

The same is true of the Plectropterna tribe of lizards, Plate XVIII., figs. 2 to 5. 
The great length of the heel on the hind foot is their chief peculiarity. The P. minitans 
had a foot from 6 to 9 inches long, and yet the animal was probably less than an 
Iguana. 

Plate XLVIIL, fig. 10, will convey some idea of the track of an animal of very 
anomalous character, which I have placed in different Groups at different times, and 
leave it at length among the lizards, perhaps for no very good reason. The name is 
Antipus bifidus ; the first part meaning that the feet point in opposite directions, the 
second part meaning that the feet have two branches. They look, in fact, like two large 
blunt forks, with tines from 7 to 12 inches long, and an inch and a quarter wide, pointing 
in nearly opposite directions, with traces of a small tail, which appear on one side. I 
hence infer that these are the tracks of one side of a caudate animal, whose feet, like 
those of some lizards, (see Plate VI., fig. 12,) point in opposite directions. But what 
can we make of the bifid foot % They do not appear like toes, being blunt, and each of 
them as thick as the leg. Nor is there any lizard or allied animal that has only two 
toes. Upon the whole, we see enough in this track to convince us that it was made by 
some large lizard-like animal, but not enough to give us its true character. 

I have connected with the preceding, a specimen shown on Plate XXXVI., fig. 7, 
in which little is seen except a heel 14 inches long and 2 inches wide, with a stout tail 
sweeping to the right and left in a serpentine course, as if the animal took long strides. 
Whether this heel terminated in a fork, as in the other case, I cannot determine. But 
the tail and the heel look like those of a gigantic lizard, and this is about all we feel 
tolerably sure of. 

As to the smaller lizards, that trod the same shores with the larger ones that have 
been named, little can be said. Some of them were very minute, less perhaps than any 
now found, as the Orthodactylus linearis, whose toes scarcely exceeded a thread in 
diameter. In but few instances am I certain they had more than four toes ; and perhaps, 
therefore, I ought to place all of them, as I have done with some, among the Batrachians. 
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But I have been guided in some cases by certain almost indescribable resemblances to 
the feet of lizards, rather than Batrachians. The fifth toe, if it existed, would rarely 
make an impression that would remain, and in a few instances we find it ; affording a 
probability that it exists in all. 

The sixth Group brings us again into contact with animals that amaze us by their 
gigantic size and anomalous characters. I have denominated them Batrachians, though 
some of them show characters that ally them to other families, but not strongly enough 
to bring them into the fourth Group. 

The most remarkable of these animals was the Otozoum Moodii. Plates XXII. 
and XXIII. The largest individuals had hind feet 20 inches long, with a width varying 
from 13 to 15 inches, which would make the surface covered by the track more than a 
square foot ; and so wide were the toes and metacarpal and carpal bones, that nearly the 
whole space was covered. Beneath this foot, also, and extending even beyond its margin, 
was a web, as I have reason to suppose, which, like a great snow shoe, kept the animal 
from sinking deep into the mud. And yet its feet did sink at least two inches. To do 
this, must it not have required an animal almost as heavy as an elephant 1 

I formerly supposed this animal to be a biped, since I had seen several long rows 
of its tracks, the right and left foot regularly alternating, but no sign of fore feet. At 
length, however, these have come to light; in only one instance, indeed, but too distinct 
to be denied or doubted. It seems that it had two front feet, not more than a third as 
large as the hind ones, with five toes, I think, turned outward, very much like those of 
the Anomcepus. It is possible that what I call a hind toe, may be a heel ; if so, its fore 
feet correspond, as to the number of toes, with those of living Batrachians. But if five-toed 
in front, I am not prepared on that account to exclude it from the Batrachian family ; for 
it had other characters of resemblance. 1. Its toes, except the inner one, which seems to 
have had a blunt, curved claw, are terminated by pellets, as are those of most frogs and 
other batrachians. 2. It had a web beneath its hind feet. 3. There is some resemblance 
between the bones of the feet and those of a frog in an embryo state. 

These several facts arc shown upon Plates XXII., XXIII., XLVL, figs. 2 and 5, 
as well as XXXIII., figs. 4 and 5. 

For reasons suggested in another connection, I incline to the opinion that such an 
animal as the Otozoum had the power of walking on two feet or four ; and in fact did 
rarely use the fore feet, save when wishing to bring its head to the ground. Its legs 
could not have been as long as those of the Gigantitherium, since its step was shorter, 
and its feet in walking wider apart. 

As to the web on its feet, (of the existence of a web I have but few remaining doubts, 
especially after looking at the specimen from which Plate XLVL, fig. 2, was copied,) it 
might have had a use analogous to that of the Ornithorhynchus, namely, as a paddle when 
swimming. If so, it must have been a powerful oar. Judging from a specimen owned 
by the Weslcyan University, I presume the animal had a tail, also, which sometimes 
reached the ground. 
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The Frontispiece to this Report, Plate L, which is a view of the Moody Footmark 
Quarry, exhibits a row of some ten tracks of the hind foot of the Otozoum, still remaining 
there, the property of Gilbert A. Smith, Esq., of South Hadley. To show these tracks 
in their natural position, was a principal object I had in view in giving this Plate. 

Imagine, now, a collection of Otozoums walking or sporting along the muddy shore ; 
animals approaching the elephant in size, yet allied to the frog tribe, or perhaps the 
Salamanders. At a little distance you can imagine a group of the Gigantitherium family ; 
and still farther on, a group of Brontozoums. Which of these giants would be acknowl- 
edged as entitled to the first place, we cannot decide. But should a contest have arisen 
at any time for the supremacy, and these several leaders should have summoned the 
numerous lesser tribes around them to their aid, it would require another Milton to 
describe the scene. 

The Palamopus, judging from' the only specimen of its tracks yet found, should be 
placed among the Batrachians; and had we not been contemplating such giants, this 
animal would appear large ; surpassing, as I suppose it did, all living batrachians, 
in size. 

With the exception of the Batrachoides, of which I will speak shortly, the smaller 
Batrachians under this Group appear to be allied to Salamanders. Cheirotheroides and 
Shepardia, however, have a more frog-like aspect, the first having pellets upon its toes, 
and the second a web foot. Some of the species appear to have had peculiarities ; but 
time and space do not allow me to go into details. 

But what shall I say of the Batrachoides nidificans and antiquior, or rather of their 
mud nests, shown on Plate L. \ They are not tracks, but simply the cavities formed, 
according to the suggestions I have made in another part of this Report, by tadpoles. 
The specimens in that most remarkable locality in South Hadley, are the most beautiful 
of any thing in the Ichnological Cabinet. I have still many doubts of their true nature ; 
but I do know that some species of existing tadpoles form very analogous cavities in the 
mud ; and if these were not thus produced, I cannot imagine how they were formed, 
since water, in the form of waves and currents, seems wholly inadequate. But if their 
origin was organic, one or two important conclusions follow. One is, that during the 
sandstone period of this Valley, Ranichc (the frog tribe) existed, very much like those now 
living; since the fossil mud nests arc just about the same size as those of the living 
tadpole. And what is still more important, the facts would prove the same thing in 
respect to a period so early as the time of the Niagara Group of New York, which belongs 
to the lower part of the Upper Silurian ; an epoch far earlier than any other traces of 
batrachians have been discovered. Therefore I have called the New York Batrachoides 
the antiquior. 

At the close of the sixth Group I have added two genera whose place in the zoological 
series I am unable to settle. The Saltator was quite small, and as I conjecture, moved by 
leaps. I might with some plausibility conjecture that these animals were insects ; for the 
black cricket, so common in our fields in autumn, which moves by leaps, would leave a 
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track somewhat similar to that of S. caudatus ; and the cricket, moreover, has a similar 
tail. But I will let these species remain under the incerteee sedis. 

The Hoplichnus, or hoof-track animal, was a quadruped, whose feet left an impression 
on the ground like that of a single-hoofed animal, the colt for instance ; and I have seen 
no clear evidence that it had toes. Sir William Jardine, in his Ichnology of Anandalc, 
has figured the tracks of several species of an analogous genus from the Trias of Scotland ; 
and some of them show claws distinctly. His largest species, however, (Cheliclmus 
giganteus,) very much resembles the Hoplichnus equus, except that the rows of the hitter's 
tracks are much wider apart. That singular impression, made about midway between the 
rows of these tracks, (shown on Plate XXIV., fig. 5.) and which, if I mistake not, is 
sometimes several inches deep, and quite large at the Portland quarries, is wanting in the 
Scotch specimens, and so is that trail which seems to have been formed by the same caudal 
extremity that made the hole. Taking all the facts into consideration, (several of them 
have come to light only quite recently, and I wish I had more time to look further,) my 
imagination pictures this animal as a thick-bodied quadruped, with a membrane beneath its 
feet extending beyond its toes, and with posterior part, or caudal extremity quite blunt, 
which struck the ground at every step, and only occasionally dragged ; which in fact served 
as a fifth foot. Were it not that the Hoplichnus has four feet, I should suspect it might 
have been allied to the seal and walrus of the present day, whose posterior part might 
make an impression similar to the one just described. 

The seventh Group introduces us to the Chelonians, or Tortoises. Several of these, 
as the species of Ancyropus and Helcura, appear to be well-marked, and differ but little 
from existing tortoises. The Ancyropians have left distinct impressions of their feet, but 
in the specimens in the Cabinet, not of their carapace, or tail. And, moreover, I cannot 
find but four toes either on the hind or fore feet, though they are five, on living tortoises. 
The Helcurans have left little else but their trails, not only of the carapace and tail, but 
sometimes, also, of the feet. Yet the impressions of the feet arc so imperfect that I cannot 
determine the number of the toes, or the form of the foot. 

It may to some seem absurd to bring in fishes among the animals that made the fossil 
footmarks. But it is not generally known that some of these animals not unfrequently 
come out upon the dry land, and walk with considerable facility many rods, some even 
climbing trees in search of food. Kihby mentions oue, " perhaps a 1 -oricaria, which has 
a bony ray before the ventral as well as the pectoral fins, and which creeps on all fours 
on the bed of the rivers, perhaps even when they are dry. These little quadruped fishes 
must cut a singular figure upon their four stilts." (Kirbi/'s liridgewater Treatise, p. 265.) 
It is the Siluroid fishes that are best known for this faculty of locomotion ; to some 
experiments upon which, by Professor J. Wyman, I have referred in another place. Now it 
seems to me that the fan-like, or comb-like impressions exhibited by the genus Ptilichnus, 
might have been made by some such fishes striking their pectoral fins upon the surface, 
either beneath or above the waters, while the row of dots, usually accompanying such 
impressions, might have been made by the long rays, which sometimes precede or form a 
part of the fin. I do not feel entirely assured in this opinion. But as to the fourth species, 
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the P. hydrodromus, there can hardly be a doubt that the trackway which crosses the ridges 
of ripple marks, was produced by an animal like a fish, swimming along just above them, 
whose fins grazed the bottom. 

In closing my view of the vertebrate animals, I would refer to a few examples of other 
remains of these extinct races besides their tracks. It has seemed strange to many, that if 
such an abundance of animals, and some of them so large, once lived in this Valley, they 
should not have more frequently left their bones, or coprolites, in the rock. I doubt 
whether we ought to expect to find these relics often, especially the bones, in connection 
with the tracks. For had one of the animals fallen and died on such a thoroughfare as 
the shore where they trod must have been, he would probably soon have been devoured by 
some of the survivors, who came there for the very purpose of finding a dinner. And 
then, if not devoured, the returning tide, or the next rise of the waters, would have carried 
away the relics. We should expect, therefore, to find these remains, if any where, in some 
other place. And such has been the fact in respect to the only skeletons that have been 
brought to light. Two only have been found ; one at Ketch's Mills, in East Windsor, 
Connecticut : the other near the " water-shops " of the National Armory in Springfield. 
The rock is the same in both places ; a thick-bedded, coarse-gritted, red sandstone, and by 
inspecting the section (Plate II.,) which passes through Chicopce, it will be seen that the 
position of these bones (nearly the same at both localities) is considerably higher in the 
series of rocks than any of the tracks in that part of the Valley, though not higher than 
they are found on the Turner's Falls Section. It is probable, however, that though 
somewhat more recent, these animal are fair representatives of those that made the tracks. 

The bones near Ketch's Mills were discovered 18 feet beneath the surface, and were 
first described by Professor N. Smith, B. Sillimax, and John Hall, Esq., in 1818, and 
have been several times noticed, and once figured by myself. (Final Report, Plates 46 
and 49.) Also more recently by Professor Jeffries Wtman, in the American Journal 
of Science. In my Report of 1835, p. 237, I said that "I suspect these bones belonged 
to a saurian animal." Professor Wyman, a far better judge than myself, says of one of 
the vertebrae, " it is a caudal vertebrae of a Saurian reptile, to which it corresponds in the 
shape of the body, and the transverse processes, and more nearly to those of the crocodiles 
than any other." — (American Journal of Science, vol. 20, N. S., p. 396.) 

The Springfield bones were discovered by William Smith, Esq., while engaged in 
superintending some improvements at the water shops of the United States Armory, which 
required blasting. He did not discover them till a large part had been taken away by 
the workmen. General Whitney, superintendent of the armory, very kindly ordered a 
re-examination of the fragments, and Mr. Smith obligingly presented me with whatever 
pieces could be found." These I put into the hands of Professor Jeffries Wyman, and 
just before he started for Surinam in February, 1857, he sent me the following statements 
in relation to these fossils : — , 

"I was also much aidol in this research by Messrs. Prestos and Ixgkusoi.i., gentlemen connected with the offices 
of the Armory. 
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" With regard to the bones, I think that there can be no question that they are those 
of a reptile. This is shown by the configuration of the head, small trochanter, and a 
part of the shaft of a thigh bone, as well as by the imperfect caudal vertebra; ; these last, 
however, are deficient in the concavo-convex bodies which are found in all scaly reptiles 
except the Enaliosaurians. Those from the sandstone are flat, or nearly so, on the ends, 
as in the Mammalia. The most remarkable feature, however, of the whole collection, is 
that of hollowness. This is carried so far, that but for the indications referred to, they 
might be referred to birds. Every bone except the vertebra?, and perhaps the small 
phalanges, is hollow. Nothing of the kind is known in Mammalia. Among reptiles 
the Pterodactyle had hollow bones, and some of them were referred, by Professor Owen, 
to birds ; but he subsequently corrected his opinion. I have ascertained that the bones 
of the Chameleon are quite hollow, as well as the ribs of the Boa and Python, and some 
other serpents. We do not yet know enough of the internal structure of the bones 
of reptiles to be ■able to say how common, a thing hollowness is. I am, therefore, 
improving every opportunity to examine into the subject. While the bones from Spring- 
field are as hollow as those of the Pterodactyle, I do not find that they are those of this 
animal ; there is no positive proof of the long fingers, or of the broad sternum which these 
flying reptiles possessed. The remnants of the foot indicate that the toes were of dispro- 
portionate sizes, there being one large toe associated with three quite small ones ; perhaps 
another existed, but there are no signs of it. The claw of the large toe was very strongly 
recurved. The terminal phalanx of the other toes is deficient, so that we are uncertain 
even as to the number of the joints. The existence of the large toe in company with the 
small ones is in favor of a jumping animal." 

" I hope, if no accident happens to prevent, to be in one of the homes of reptile life in 
the course of the next month, and shall be on the lookout for any thing that will aid in 
forming an opinion. It is my intention to start on the first of February, or thereabouts, 
for Surinam, in Dutch Guiana, to remain as long as the climate will allow." 
"Cambridge, January 21, 1857." 

We perceive in the above description, proofs of the same sort as the tracks present, of 
peculiarities in these fossil animals, such as have no parallels in existing nature. And if 
even the skeleton (though unfortunately we have only a part of it) leaves the comparative 
anatomist in doubt as to the exact nature of the animal, we need not wonder that the 
tracks alone often leave us in greater darkness. But the bones and the tracks will doubtless 
cast mutual light upon each other ; and it seems already settled from the bones that large 
reptiles lived in the Connecticut Valley in sandstone days ; and this, also, was one of the 
most common sort of animals, judging from the tracks. 

Dr. Barratt made a suggestion in conversation, in regard to the fossilification of the 
bones of these ancient animals, which seems deserving consideration. He supposes that he 
has found numerous specimens of the petrified bones of huge animals in the quarries around 
Middletown. But there is no bony matter, or none of consequence, remaining. There 
seems to have been an entire substitution of sandstone for the organic matter. It is 
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obvious that where the mere form is all we have to judge from, there is large room for the 
play of imagination. Yet I confess that one or two specimens, pointed out to me by Dr. 
Bakkatt, seemed so closely to imitate a group of large vertebrae, as to deserve attention. 
For it is a fact, that nearly all the vegetable organic remains in the Connecticut River 
sandstone, do not retain any of the original vegetable matter, but seem to be mere casts, 
formed by the filling up of the moulds once occupied by the plant, with sand and mud, 
sometimes coarser than the surrounding rock. Witness, for instance, the huge trunks of 
trees from the Portland quarries in the Geological Cabinet of Amherst College, and the 
smaller ones from Newark, in New Jersey. "Why may not a like mode of fossilization 
have taken place with bones 1 At Springfield they are, indeed, entirely changed into 
carbonate of lime ; and at Ketch's Mills, they are preserved, having lost only their animal 
matter. But in the Yale College Cabinet are specimens from Tolland, in Connecticut, 
having the exact shape of bones ; which I have figured on Plate 46 of my Final Massa- 
chusetts Report, (figs. 70, 71, 72, 73,) and which no concretionary agency, which I have 
seen, can explain, but which seem to me to be casts of bones formed like those of trees 
in the same rock. 

If these suggestions should prove true, they may explain the reason why we find so 
few of the bones of these ancient animals. For in the first place, if such is the nature of 
this sandstone, or such were the circumstances attending its consolidation, that even bones 
would often entirely disappear and leave only a mould, how seldom would the moidd have 
been so filled that the cast should be recognized as that of a bone : and secondly, since we 
have not sought for such a kind of petrifaction of bones, perhaps by looking for them at 
the quarries, they may not unfrequcntly be found, as Dr. Barkatt supposes he has done. 

In the ninth Group I have brought together the three great families of Crustaceans, 
Myriapods and Insects, because from their tracks I find it in many instances impossible, till 
more is known of the tracks of similar living animals, to distinguish between them. The 
two first of the ten genera described cannot be Myriapods or Insects, because too large, and 
they may have been Crustaceans. I regard them as Crustaceans, chiefly on account of 
their having didactylous feet, such as many of this class possess. But in respect to the 
Stratipes latus, I am not quite sure whether the feet were didactylous, or whether a mono- 
dactylous hind foot was brought up nearly to the place just vacated by a similar fore foot. 
The tracks are arranged in two rows of five didactylous tracks, twenty inches apart, 
and directly opposite to each other on the two sides. The animal must, therefore, have 
moved forward by placing one or more pairs of feet on the mud, and thus pushing his body 
ahead. Yet no trace of carapace or tail is left; and I have fancied that it might have 
been a huge crustacean, swimming just above the bottom, and using his feet upon the mud 
for oars, though I am about as much inclined to regard it as a marine tortoise. Yet 
I do not know that a crustacean ever moves in that manner. Whatever the animal 
was, however, and though the exact form of its foot is uncertain, it has left the most 
certain evidence of its existence and progression. No other tracks occur upon the same 
surface, though only two inches lower down, that is, on the other side of the slab, are 
a multitude of as perfect tracks in relief as any in the Cabinet, such as must have been 
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made above the waters. (See Plate XXXVIII., fig. 1.) But the latter may have been 
made while the tide was out, and the former when it was in. 

I have placed in this connection under the name of Harpagopus, some didactylous 
impressions on a flagging stone, which I took out of the sidewalk in Greenwich Street, New 
York, a few years since, and which was quarried from the Hamilton Group of rocks along 
Hudson River. These too are didactylous, and though some have doubted their animal 
origin, I still remain of opinion that they are organic, and I think they may have been 
crustacean tracks. And since the discovery of such tracks in Canada by Sir "William 
Logan, even in the Potsdam sandstone, the oldest of fossiliferous rocks, we surely can 
believe such animals to have lived during the Devonian period, to which the Hamilton 
Group belongs. A species making a somewhat similar impression on the Connecticut River 
sandstone is added to the genus Harpagopus, under the name of dubius, or doubtful, which 
adjective expresses my views as to this example. It may have been made by an animal 
analogous to the Hudson River didactyle. But I have no confident opinion on the subject 
till more light is obtained. 

The remaining eight genera of this group contain animals very minute, whose tracks 
we should once have thought it hardly possible could be preserved in stone, but which in 
fact are as perfect as those of the larger animals ; yet we meet with the same difficulties as 
in the larger animals in referring them to existing groups, partly, no doubt, because they 
possessed a combination of characters now found in no single class. Some of those 
smaller animals were probably Crustaceans ; others may have been Myriapods and Insects. 
But it will need a good deal of attention to the tracks of living invertebrates before we 
can be sure where to place the fossil species. That study has hardly yet been begun. 

One of these small animals has at length been found in a fossil state by Mr. Field at 
Turner's Falls. Sketches of one of the most perfect of the specimens ever found, are 
given on Plate VII., figs. 3 and 4, the first of the natural size, and the last somewhat 
enlarged, as seen under the microscope, also on the wood cut on page 8. That it belonged 
to the class of articulated or jointed animals, all will admit, because twelve or thirteen 
distinct joints are obvious. I think it was probably the larva of an insect, or perhaps 
an adult animal resembling a larva. But I have discussed this question so fully in the 
early part of this Report, that I will only refer to that place. 

The great wonder is, that any of the feet in animals so minute, should have made 
impressions which have come down to us in such perfection. The most minute of them 
all, shown on Plates XXIX., fig. 4, and XXX., fig. 3, exhibits four perfectly distinct rows 
of tracks, not more than one-thirtieth of an inch long. They are so small that most 
persons would not notice them, though looking attentively at the slab. I calculate that it 
would require half a million of these tracks to occupy a space as large as a single track of 
the Otozoum. 

The tenth Group embraces what 1 regard as Annelids, or worms, such as the earth or 
angle worm, and the leech. They are naked worms, and are described as destitute of feet, 
though some are armed with hairs or prickles, to help them move forward under ground, 
where they usually live. They seem to have been abundant in sandstone days, almost as 
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much so as at present, and their trackways on mud after showers and along the soft shores 
of ponds or rivers, very much resemble those upon the rocks. Perhaps the Halysichnus 
laqueatus, Plate XXXVI., fig. 7, is one of the most curious. Its trail appears like a 
chain ; occasioned by the animal's plunging its head sometimes, and sometimes its opposite 
extremity, into the mud to get a fulcrum for pushing itself forward, or backward, by the 
muscles connecting its rings. The different species of Unisulcus have left trackways so 
like what we see after a rain, that we seem to forget the vast interval of time between them. 

Such was the Fauna of sandstone days in the Connecticut Valley. What a wonderful 
menagerie ! Who would believe that such a register lay buried in the strata 1 To open 
the leaves, to unroll the papyrus, has been an intensely interesting though difficult work, 
having all the excitement and marvellous developments of romance. And yet the volume 
is only partly read. Many a new page I fancy will yet be opened, and many a new key 
obtained to the hieroglyphic record. I am thankful that I have been allowed to see so much 
by prying between the folded leaves. At first men supposed that the strange and gigantic 
races which I had described, were mere creatures of imagination, like the Gorgons and 
Chimeras of the ancient poets. But now that hundreds of their footprints, as fresh and 
distinct as if yesterday impressed upon the mud, arrest the attention of the sceptic on the 
ample slabs of our cabinets, he might as reasonably doubt his own corporeal existence as 
that of these enormous and peculiar races. 

And how marvellous the changes which this Valley has undergone in its inhabitants ! 
Nor was it a change without reason. We are apt to speak of these ancient races as 
monstrous, so unlike existing organisms as to belong to another and quite different system 
of life. But they were only wise and benevolent adaptations to the changing condition of 
our globe. One common type runs through all the present and the past systems of life, 
modified only to meet exigencies, and identifying the same infinitely wise and benevolent 
Being as the Author of all. And what an interesting evidence of his providential care 
of the creatures he has made, do these modifications of structure and function present ! 
Did the same unvarying forms of organization meet us in every variety of climate and 
condition, we might well doubt whether the Author of Nature was also a Providential 
Father. But his parental care shines forth illustriously in these anomalous forms of 
sandstone days, and awakens the delightful confidence that in like manner he will consult 
and provide for the wants of individuals. 

The ancient Flora of the Connecticut Valley was probably as peculiar as its Fauna. 
Gladly would I also develop its vegetable wonders ; and, indeed, I am not without 
numerous specimens for such a work. But if the Ichnology of the sandstone is difficult, 
still more so, as it seems to me, is its fossil Botany. Before attempting such a work, I feel 
that some years of careful study would be a prerequisite : a larger number probably than 
one can hope for, whose sun is so near the horizon as mine. But other suns have already 
arisen or will rise, whose brighter light shall bring into view the peculiar vegetable forms 
of American oolitic times. 
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Who first scientifically described the Fossil Footmarks of the Connecticut Valley ? 

Here would I gladly close my Report; but the statements below seem to demand 
something from me upon the above question. AVere I to say nothing I fear that I 
should be understood as admitting claims and charges which I must repudiate. 

Some readers of this Report may be aware that about fourteen years ago a discussion 
took place between me and Dr. James Deane, of Greenfield, in the American Journal of 
Science, respecting the first discovery of the Fossil Footmarks. Having each of us had the 
opportunity to say what we pleased, it has ever since been my determination to trouble the 
public no more on the subject. But since the death of Dr. Deane, which occurred 
during the printing of this Report, some of his friends have thought it proper to revive 
this discussion, and if correctly reported in the newspapers, to take such ground as 
does me great injustice, and casts such imputations upon my character that I cannot suffer 
this last opportunity to pass, without a brief attempt to vindicate myself to the citizens 
of Massachusetts, and especially to its legislators, who have so liberally published this 
Report. I refer particularly to the Eulogy upon Dr. Deane by Dr. II. I. Bowditch, 
and to the statements of T. T. Bouve, Esq., before the Boston Society of Natural History. 
Were it not for the high respectability of these gentlemen, I should not feel called on 
to enter upon this defence. 

1. The first inquiry is, What were the claims of Dr. Deane and his friends? That 
he found some good specimens of tracks lying upon the side-walks in Greenfield, and 
informed me of it, and purchased them for me at my request, is admitted by all parties. 
But six or seven years afterwards he laid claim to the first scientific investigation of the 
subject, maintaining that my scepticism and that of Professor B. Sillimas, (Senior,) were 
overcome by his reasoning, and that consequently I was guilty of injustice and dishonor- 
able conduct in giving him credit only for first calling my attention to the tracks, and 
purchasing the specimens for me. In these claims I understand his eulogists to sustain 
him, and to reiterate the charge against me. 

2. The second inquiry is, Wliat are my claims? Not, as already stated, that I 
found the first tracks ; but that I first investigated and described them as a matter 
of science; that I continued for six years to investigate and describe footmarks 
almost alone, and published an account of thirty-two species, with twenty-five plates, 
before Dr. Deane published any thing on the subject; that the only assistance I 
derived from him was in the occasional reception of a specimen ; that nothing which 
he ever said had the least influence in overcoming my scepticism, or in helping me 
reach my conclusions ; and that I have ever endeavored to give him all the credit 
which justice or honor demanded. Hence I complain of the manifest injustice of 
endeavoring to deprive me of the honor of having first investigated and scientifically 
described the fossil footmarks. 
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The chief point of difference, then, between me and Dr. Deane and his friends, is, 
whether he or I first scientifically examined and described the Footmarks. In support 
of my claims I present the following proofs : — 

1. / appeal first to the early history of the subject. In March, 1835, I received the 
following letter from Dr. Deane: — 

" In the slabs of sandstone from Connecticut River in Montague or Sunderland, 
lately brought here, I have obtained singular appearances, new to me, although I presume 
not to yourself. One of them is distinctly marked with the tracks of a turkey (as I 
believe) in relief. There were two of the birds side by side making strides of about 
two feet. 

" I was anxious to see the die from which these impressions were struck, and it has 
now arrived. The tracks, four in number, are perfect, and must have been made when 
the materials were in a plastic state, and at what period I leave you to tell. I am no 
geologist, but yet I know that geologists derive much satisfaction from contemplating these 
remains. I do not know but they may be familiar to you ; but if you desire it, I will 
endeavor to prevent their being converted to the use for which they were brought here." 

In my reply to this letter I stated how interesting these impressions would be if they 
turned out to be real tracks, since the records of geology afforded as yet but one example 
(in Scotland) of fossil footmarks. But I expressed a fear that they might prove to be 
the result of other than organic agencies ; yet requested Dr. Deane to secure the specimens 
for me at my expense, which he did. On the 20th of March he replied to my letter, 
saying, " I received your letter this morning, which excites my curiosity more than ever, 
relating to these tracks," and repeating his belief that these markings were "the real 
impression of the feet of some bird, probably of the turkey species." As I had stated 
that it would probably be a month or two before I could visit Greenfield, Dr. Deane 
sent to me and Professor Silliman some casts of the tracks, reiterating his conviction, 
from their form and succession, that they were bird tracks. I went to Greenfield a few 
days after, and a glance at the specimens satisfied me that they were deserving of careful 
examination. That they had the appearance of tracks no one could doubt, and they bore 
a strong resemblance to those of some kind of birds. I secured the specimens and 
determined to enter upon the most careful examination of the subject by every means in 
my power. That investigation I have now been carrying on for twenty-three years, 
gaining a little light each year ; nor would I even express an opinion on the subject till 
I had devoted six months to the examination. 

It was upon these facts that Dr. Deane, in 1844, eight years after the discovery of 
the tracks, based his claims to having scientifically investigated the footmarks earlier than 
myself. He said that his " three (first) letters, written without a ray of knowledge other 
than was derived from philosophical inductions, contain the fundamental principles and 
doctrines applied to the science of these organic remains." Now I appeal to those letters 
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to show, that at that time and for years afterwards, he had no intention of giving a 
scientific account of the footmarks ; that in fact he did not then understand the subject 
of geology well enough to undertake it, and that he for a long time intended to leave that 
matter to me, supposing, whether justly or not, that I ought to he qualified for it. He 
was ignorant of the then only known example of fossil footmarks ; nor did he know but 
they were common. Nor did he appreciate the difficulties of admitting the existence of 
birds so early, or think it absurd, as every geologist would, of supposing " a turkey," or 
" the turkey tribe," to have lived during the red sandstone period. He declared himself 
to be no geologist ; and his statements showed that this was then the literal truth. The 
thought that he intended to give a scientific investigation of the subject, never entered 
my mind, nor his either, I apprehend, till years after. He had stumbled upon some 
interesting specimens, and he gave his first impressions of them, leaving it to me to go 
into the scientific examination. If he meant to do it, why did he address me at all on 
the subject? Why especially did he allow me to carry away the only specimens then 
known f "Why, for six or seven years, did he publish nothing, while I had found and 
described over thirty species ? During all that time we were on friendly terms ; carrying 
on a correspondence, and occasionally he sent me a specimen, nor did I suspect all this 
while that he was not perfectly satisfied. 

But what more than Dr. Deane did I do, that deserves the name of scientific 
investigation ] I perceived on looking at the specimens, as nine out of ten do, who 
have since looked upon them, that they bore a strong resemblance to tracks, and some 
resemblance to bird tracks. 13 ut knowing how strong were the geological objections to 
such a conclusion, I set about their examination. Might they not be the result of some 
freak of water \ Were they not some form of veins of segregation, or scptaria, or mud 
veins and furrows, or concretions, or ripple marks, or the result of unequal disintegration ? 
Were they not fucoids, as the New York geologists afterwards maintained? or some 
organic relics unknown to me 1 These were the inquiries that must be answered before 
I would venture, to throw down my opinion before an incredulous public. To answer 
them I spent a large part of six months in exploring all accessible sandstone quarries, 
where I discovered six other species, and watched the shores of rivers and ponds for the 
tracks of living animals, and examined the feet of dried specimens in the Cabinets, and 
also collections and drawings of organic remains. This I call scientific investigation, and 
this I went through before giving my opinion to the public; and I did it alone, receiving 
no assistance except from the specimens presented me by several gentlemen, and the 
opinions of distinguished naturalists whom I occasionally consulted. In this way 
essentially did I go on from 1835 to 1843, before any thing from Dr. Deane appeared in 
print on the subject. He, indeed, by misinterpreting a letter of mine to Professor Silliman, 
endeavored to show that I attempted to muzzle the scientific journals, so that no 
communication from him should appear (an attempt which none but an insane man 
would make in this country) ; but the matter of fact was, that during this long period he 
did not offer any communication to the journals, so that I certainly did not prevent the 
appearance of any communication from him, whatever might have been my wishes. 
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But Dr. Deane contended that my scepticism and that of Professor Sii.uman were 
overcome hy his letters. A scientific man ought always to be sceptical enough in respect to 
any new facts, not to admit them without good evidence. All the proof we had in respect 
to the footmarks, before we had seen them, was Dr. Deane's letters giving us the impressions 
of his own mind from an examination of one or two specimens, while the same letters 
contained evidence that ho did not at all understand the difficulties of the subject, and, 
therefore, his opinion merely awakened a desire to see the specimens, and when we did see 
them, although they appeared to be tracks, we were not prepared to take and maintain that 
ground till we had gone into a thorough examination. That investigation had not been 
entered upon, but, as I understood it, was left for me to undertake ; and though I have been 
pursuing it for twenty-three years, on many points, as my Report testifies, I am still 
sceptical. Dr. Deane's opinion I regarded as merely the first impressions made by the 
specimens upon the mind of an intelligent man, who was not acquainted with the 
difficulties in the case, and had made no investigation of it, save to look occasionally for a 
fortnight at the slabs of one species as they lay in the streets. If such an examination and 
the expression of such an opinion entitles Dr. Deane to the credit of having made a 
scientific investigation of the subject, then Pliny Moody, Esq., of South Hadley, as I 
afterwards found, could set up a prior claim, for in 1802 he dug up the first fossil footmark 
ever preserved in this Valley, of which he and his neighbors were in the habit of speaking, 
as the tracks of " poultry," or of " Noah's raven." 

In thus speaking of Dr. Deane's want of acquaintance with geology and fossil 
footmarks in 1835, let me not be understood as describing him in subsequent years. For 
as he says, my letter excited his curiosity, and I doubt not he then began to study the 
whole subject and with success ; so that he was able to produce those papers on footmarks 
which have done him so much credit ; nor should I dissent from the resolution of the 
Boston Society of Natural History, who " highly appreciating the value and importance 
of his labors in the investigation and elucidation of the fossil footprints of the Connecticut 
Valley, recognize in his death a great loss, not only to themselves, with whom he was 
associated, but to all who feel interested in the progress of science." 

2. For my second argument I present a Bibliography of Fossil Footmarks : that is, a 
list of the papers and volumes published on the subject. My object is simply to show who 
did publish such papers for the first eight years after their discovery. I extract the list 
from a complete one, extending to the present time, prefixed to this Report: 

1. 1836, January. — Ornithiohnology, by E. Hitchcock in American Journal of Science, Vol. 29, 

p. 807. 34 pages and 3 Plates. 

2. 1837. — Ornithiclmites in Connecticut, by E. Hitchcock. American Journal of Science, Vol. 81, 

p. 174. 

3. 1837. — Samo, by Professor B. Silllman, p. 165, same volume. 

4. 1887. — Fossil Footsteps in Sandstone and Graywacke, by E. Hitchcock. American Journal of 

Science, Vol. 82, p. 174. 

5. 1838. — Newly discovered Ichnolitos at Middletown, Connecticut, by William C. Redfiold. 

American Journal of Science, Vol. 33, p. 201. 
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6. 1839. — Note toProfossor Conrad's remarks on Ornithichnites ; by Professor Silliman. American 

Journal of Science, Vol. 35, p. 246. 

7. 1841. — Final Report on the Geology of Massachusetts, with 62 pages and 22 plates on foot- 

marks, by E. Hitchcock. 

8. 1841. — Report of Professor H. D. Rogers and others on the Ornithichnites of Massachusetts, 

observed and described by Professor Hitchcock, of Amherst. American Journal of 
Science, Vol. 41, p. 165. 

9. 1842. — Description of five new species of Fossil Footmarks, by E. Hitchcock. Transactions of 

Association of American Geologists and Naturalists, Vol. 1, p. 254. 

10. 1842. — New Species of Footmark with Rain Drops, from Portland, Connecticut, by William C. 

Redfield. American Journal of Science, Vol. 43, p. 172. 

11. 1843. — Notice of newly discovered Fish Beds and a Fossil Footmark in the Red Sandstone 

Formation of New Jersey, by William C. Redfield. American Journal of Science, 
Vol. 44, p. 134. 

12. 1843. — Ornithichnites of the Connecticut River Sandstone and the Discoveries of New Zealand, 

containing Dr. Deano's correspondence with Dr. Mantell ; by Professor B. Silliman. 
American Journal of Science, Vol. 45, p. 177. 

My object in giving this list is to show that before Dr. Deane published any thing on 
the footmarks, I had brought out five papers upon them, containing more than one hundred 
pages and twenty-six plates, and others, also, during the seven years that elapsed, had 
published descriptions of them. And yet it is now represented that I was behind Dr. 
Deane, and in all that I did, was acting only an inferior part, and carrying out " the 
fundamental principles derived 'from philosophical induction " which he had taught me ! 

3. For my third argument I refer to a Report, made to the American Association of 
Geologists and Naturalists, " on the Ornithichnites or Footmarks of extinct Birds in the 
new red sandstone of Massachusetts and Connecticut, observed and described by Professor 
Hitchcock of Amherst," signed by Professors Henry D. Rogers, Lardner Vanuxem, 
Richard C. Taylor, Ebenezer Emmons and T. A. Conrad. When in 1836 I published 
my first paper on footmarks, but few of -the distinguished geologists on cither side of the 
Atlantic admitted my conclusions. But the subject grew in interest, and in 1840 the 
American Association of Geologists and Naturalists appointed the above committee of 
eminent geologists to visit the localities and report. I refer to it here to show who was 
regarded by them as the scientific describer of the footmarks, and who must bear the odium if 
a false representation had been made, or receive the credit if his conclusions were admitted. 
The title of the Report shows who : indeed, I alone am mentioned as having formed 
scientific conclusions as to the tracks ; and after stating with great clearness the arguments 
on both sides, the Committee state their belief unanimously, that " the evidence entirely 
favors the views of Professor Hitchcock." This was five years after my first publication, 
so that up to that time no competitor, either for the odium or the honor, had appeared. 

4. As a fourth proof that I first made a scientific investigation of the footmarks, I 
present some special testimony from Professor Silliman and Dr. Deane. I cannot see why 

H 
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the facts just detailed do not show that this matter was hy general consent committed to 
me. But a few other quotations will I think make this point still more certain. 

In a letter to me of August 6th, 1835, Professor Silliman says: " I am much gratified 
that you are seriously at work upon the turkey tracks, or bird tracks, or whatever kind 
they may be ; and you may rest assured that I shall publish nothing upon the subject until 
I receive it from you. I will therefore expect you to do justice to Dr. Deane," &c. " My 
impressions are so strong in favor of the genuineness of the discovery, — judging only from 
the imperfect copy I have in plaster, — that I feel exceedingly desirous to have the matter 
investigated ; and I do not know in whose hands it can be better placed." Does this read 
as if Professor Silliman thought the matter had been already investigated, and the 
philosophical induction drawn 1 

Head too the testimony of Dr. Deane in 1843, eight years afterwards, in the first 
communication he ever made to a scientific journal on the subject. Describing certain 
slabs from Turner's Falls, he says : " These magnificent specimens have been inspected by 
Professor Hitchcock and Professor Silliman : to the former properly belongs the technical 
and complete description of them as his peculiar province. I therefore most willingly 
decline this difficult performance in (out of) respect to him, for to his successful labors, the 
subject of fossil footmarks owes its claims as an essential element of the science of organic 
geology." Really, how little short of a full admission of my claims does this passage 
come ! Alas, how different from the ground taken by him only the next year, that his 
first letters to me, " written without a ray of knowledge other than was derived from 
philosophical induction, contain the fundamental principles and doctrines applied to the 
science of these organic remains." 

5. Fifthly, I appeal to personal consciousness. No facts in my life are more vividly 
impressed upon my memory than those relating to the footmarks. I remember when I 
received Dr. Deane's first letter, that I feared it would turn out as I had known in many 
similar cases where tracks had been described to me, to be something quite different. But 
as soon as I saw the specimens, I perceived the phenomena to be worthy of careful research. 
The thought never occurred to me that the investigation had already been made, and " the 
philosophical induction " drawn. That work I understood was committed to me : for why 
else were the specimens allowed to come into my hands, or why was I consulted at all on 
the subject \ I went about it as if the work were entirely unaccomplished. Dr. Deane 
frequently inquired of my progress in it, and sent me several specimens to help me in it, 
and was anxious to know when I should publish upon it. Other gentlemen, also, gave me 
specimens, as Dr. Joseph Barratt, Colonel John Wilson, Colonel David Bryant, N. P. 
Ames, Henry Hanmer, and Dexter Marsh. But this was essentially all the help I 
received. I felt that I was working alone, and the thought occurred to me, that if I should 
succeed in establishing any correct conclusions, I might be sure that no one would ever 
doubt that the investigations were original, or claim the credit. The reception of my 
conclusions was such at first and for years, that no one would be apt to contend for my 
cypress wreath. I remember well the discouragement and heart sickness that often came over 
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me during those six years when I had to maintain the conflict alone. But when the cypress 
hegan to change into the laurel, — when it was ohvious that the learned world were falling 
in with my leading conclusions, and the subject had become in their view of deep interest, 
with what surprise did I find the claim set up, that the honor belonged to another, that I 
had only been carrying out his " philosophical induction," and endeavoring " to rob him of 
the honor of being the first discoverer of the bird tracks ; " thus not only giving me a 
subordinate place in this work, but casting a dishonorable imputation upon my character. . 
All this I say emphatically, is opposed to my past and present consciousness, as much as if 
I were now told that I had never been the President, but only a student, of Amherst 
College, oras if I were charged with theft, or murder, or some other foul crime, against 
which my whole nature revolts, as it does against any intentional effort to rob any one 
of the honor due him. 

6. Let us in the sixth place inquire what credit I have given, and hpw I have treated 
Dr. Deane ? 

In my first communication on the subject in 1836, I said that "my attention was 
first called to the subject by Dr. James Deane of Greenfield, who sent me some casts of 
impressions on a red micaceous sandstone from the south part of Montague, for flagging 
stones. Through the liberality of the same gentleman I soon after obtained the specimens 
themselves, from which the casts were taken," &c. 

In my Final Keport on the Geology of Massachusetts in 1841, I attached Dr. Deane's 
name to a species of footmark, saying, " It is a beautiful species ; I have dedicated it as 
a testimony of respect to Dr. James Deane of Greenfield, who first called my attention 
to the subject of fossil footmarks." 

In the Transactions of the Association of American Geologists and Naturalists, in 
1843, I said, " Plate XL, fig. 4, exhibits a slab of this species which was originally in 
the Cabinet of Dr. Deane ; but he has kindly divided it, in order that one row of these 
tracks should be placed in my collection," &c. 

In my Report on Ichnolithology to the Association of American Geologists and 
Naturalists in 1844, and in the discussion that followed, I said, " I admit Dr. Deane 
to have been in a popular sense the original discoverer of the footmarks ; and had it not 
been for his scientific discernment they would still have remained undiscovered." " While 
we must admit that Mr. Moody, Dr. Dwight, and Mr. Wilson were also original 
discoverers of the footmarks, much higher credit is due to Dr. Deane. He did not 
content himself with speaking of them as objects of curiosity, but took measures to 
bring them under the notice of those whose professional business it was to examine 
such objects," &c. 

In the present Report, published since his death, I say of the first specimens, " They 
were observed by Dr. James Deane, who sent casts of them to me, secured them for my 
Cabinet, and gave it as his opinion, from their form and succession, that they were made 
by birds." 
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To show still farther my feelings towards Dr. Deane, I would state, that since he, 
like myself, had not enjoyed the benefits of a public education, I applied for, and secured 
for him, from the Trustees of Amherst College, in 1838, the honorary degree of Master 
of Arts. 

Now what more did justice or honor require me to say or do in this case \ Ought 
I to have said that my scepticism, as he calls it, was overcome by his letters % I should 
then have stated what was not true ; for I was certain then, and am certain now, that 
neither his statements nor opinions had the slightest influence upon me. I knew them 
to be merely the first impressions of an intelligent man, who had not studied geology, 
nor made any investigations on the subject, except to look at a few specimens ; they were, 
in fact, such conclusions as every discerning man comes to on first inspecting the 
footmarks; but whether true or not, remained to be proved. Ought I to have stated 
that his three first letters were " philosophical inductions " containing " the fundamental 
principles " of ichnology 1 Those letters show that he was not then enough acquainted 
with geology or ichnology to make philosophical inductions of this sort; and because 
they show this, those letters never would have seen the light, had I not been forced 
in self-defence to bring them out. I acknowledged all the assistance Dr. Deane or any 
one else gave me by specimens, and tried to show my gratitude by personal favors. But 
all this availed nothing in later times, unless I would acknowledge what I knew to be 
false, that he preceded me in a scientific investigation of ichnology. 

7. In view of all these facts, I feel constrained to protest against the manifest injustice 
of the attempt to deprive me of the credit of the most original scientific investigations of my 
life ; to represent me as a mere expounder of the views of another, and as ungenerously 
attempting to rob him of the honor which I knew belonged to him. It is hard to bear 
all this, opposed as it is to my personal consciousness for the last twenty-three years, and 
to all the moral sentiments of my heart. I know certainly that I commenced the study 
of footmarks with no aid save that of specimens. I groped my way alone without guide, 
and almost without counsellor, for several years. Against me only during all that time 
were the shafts of reason and of satire aimed, nor was it till I had maintained the struggle 
alone for five or six years, and a gradual acquiescence in my views had taken place, that 
any rival claim for the honor of original investigation was set up. In the same manner, 
for nearly twenty years more, have I labored on, gaining each year a little deeper insight 
between the close-shut leaves of the fossil volume ; but still, though aided in later years 
by the collateral researches of Dr. Deane and other naturalists, finding myself only at 
the commencement of the work, obliged to leave to others many a hiatus, and many a 
question unresolved. If this has not been from the first original investigation, then 
nothing in my life has been. But I know it to have been so ; and how painful, as the 
last sands of life arc falling, to feel compelled to offer this defence, lest I should seem to 
acquiesce in the charge or the insinuation of unrighteous claims on my part, or injustice to 
others. Oppressed with the infirmities of advanced life, fain would I live in harmony 
with all, and especially observe the adage, de nwrtuis nil, nisi bonum. And were I alone 
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concerned, I would bear all in silence; but I do feel, and ought to feel, a desire to 
leave to the children who may survive me ; to the literary institution with which I have 
been connected for more than thirty years ; and to the citizens of that Commonwealth, 
which has been so liberal and generous towards my scientific labors ; I do desire to leave 
to them a character free from dishonorable imputation, and to let them know what I 
claim as to the footmarks, and on what ground I claim it. This has been the most 
laborious and difficult of the scientific labors in which I have engaged ; and if I am to be 
set down as a copyist and plagiarist here, there is no other effort of my life on which such 
a charge may not be more justly fixed. I cannot, indeed, believe that those who make 
such charges to honor the dead, intend to do injustice to the living. But their sincerity 
does not make the effects less injurious to me and mine. Can I, then, do less, unpleasant 
as it is, than to attach this defence and protest to the last work on Ichnology which I 
shall ever publish ? 

Note. — Just as this last sheet was passing through the press, I made a large additional purchase of 
fossil footmarks ($700 worth) for the Appleton Cabinet, from Roswell Field ; so that I am now able to 
say that the tracks of every species but one (the Hoplichnus equus) described in this Report may now be 
found in that Cabinet 
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GLOSS AEY 

OF NEW OK UNUSUAL TERMS USED IN THE PRECEDING REPORT. 



Annelids : naked worms, like the leach, earthworm, &c. 
Batrachians : animals of the frog and salamander tribes. 
Batrackoid : having the appearance or some characters 

of a batrachian. 
Calcigrade; when an animal's heel in walking sinks 

deeper than the rest of the foot. 
Caudate : having a tail. 
Chelonians ; animals of the tortoise kind. 
Crustaceans: animals of the lobster and crab kind. 
Cunoid: having the appearance or some characters of 

a dog. 

Didactylous ; having two toes. 

Digitigrade : when in walking an animal rests chiefly 

on its toes. 
Divarication : the spread or opening. 
Fauna ; the animals of a district or country. 
ffeterocercal : having unequal lobes to the tail. 
Homocercal: having equal lobes in the tail. 
Jchnological : relating to tracks. 
Jchnolithology : the science of fossil footmarks. 
Ichnology : the science of tracks in general. 
Ichno-geological Map : a geological map showing the 

localities of fossil footmarks upon it. 
Insects : animals with six legs and mostly with wings. 
Lacerlilian: of or belonging to lizards. 
Lacertiloid: having the appearance or some character 

of a lizard. 



Leptodactylous : having narrow or slender toes. 
iAthicknozoa : stone-track animals *. or animals made 

known by their tracks in stone. 
Lizards : four-footed caudate animals, with a scaly 

covering. 

Laricoid : resembling or having some character of the 
scaly lizards. 

Marsupialoid : resembling the Marsupial or pouched 
animals. 

Myriapods: animals of the centipede and millipede 

families. 
Ornithic : of, or relating to birds. 
Ornithichnites : fossil bird's tracks. 
Ornkhoid: having the appearance or some character 

of a bird. 
Pachydaciylous : thick-toed. 
Palmigrade : that walks on the whole foot. 
Pentedactylous : having five toes. 

Phalanx : the bone between two joints of the fingers or 
toes. 

Sauroidichmtes : like the tracks of Saurians. 

Tetradactyloxts : having four toes. 

Trackway: the belt of surface impressed by the body 

and extremities of the animal. 
Tridactyhus : having three toes. 
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PLATE L 

Sketch of the Moody Footmark Quarry, South Hadley. 

PLATE II. 
Ichno-Geological Map of the Connecticut Valley. 

PLATE III. 
Sections across the Valley. 

PLATE IV. 

Fig. 1. Sketch of the Appleton Cabinet — external 
view. 

2. Sketch of the interior of the Ichnological Cab- 
inet or Gallery. 

PLATE V. 

Fig. 1. Sketch of the radiating fronds of Clathropteris. 
2. View of a Shell in Sandstone. 

PLATE VI. 
Fig. 1. Manner in which the toes bend down the strata. 

2. Track passing obliquely through the strata. 

3. Foot of Palapteryx ingens. 
i and 5. Feet of the Iguana, 
fi. Foot of U» Coot. 

7. Tracks of the Banded Proteus. 

8. Track of Fringilla. 

9. Outline of a three-toed lizard. 

10. Phyllurus Cuvicri. 

11. Dactylura Capensis. 

12. Salamandra lieochyi. 

18. Foot of Ornitliorhynehus. 

PLATE VII. 
Fig. 1. Frond of Clathropteris, natural size. 
2. Cone and Fronds from sandstone. 
8. Mormolucoides articulatus, natural size. 



Fig. 4. Mormolucoides articulatus, enlarged slightly. 
5. Tracks of a Mink ? 



6. 




of a Muskrat, 


7. 


fit 


of a Dog. 


8. 


fit 


of a Partridge. 


9. 


U 


of a Mouse. 


10. 




of a Tortoise. 


11. 


ti 


of a Goose. 


12. 




of a Hen. 


13. 




of a Pea Hen. 


14. 




of a Turkey. 


15. 




of a Quail ? 


16. 




of a Wharf Rat 


17. 


a 


of a Crow. 


18. 


u 


of a Mink. 


19. 




of a Muskrat, 


20. 


Foot of a Plover. 


21. 


h 


of a Tringa. 


22. 


M 


of Tctrao lagopus. 


23. 


U 


of Ilypsiprimnus pencillatum. 


24. 




of Pcraini'les obesula. 


25. 




of Laccrta lemniscata. 


26. 




of Lacerta agilis. 


27. 




of tbe Stork. 


28. 




of Ariiea Ilerodias. 


29. 


M 


of Ardca pavonina. 


80. 


U 


of the New Holland Ostrich. 


31. 




of Ardea coerulca. 


32. 




of Charadius Wilsonius. 


83. 


Tracks of an Insect Larva. 



PLATE Vm. 
Outline of the Tracks of Anomo?pus major, natural size. 

PLATE IX. 
Fig. 1. Tracks of Anomcepus minor, natural size. 

2. " of Anomocpus minor, one-third natural 
size, hiud and fore foot. 
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Fig. 3. Tracks of Anisopus Deweyanus, natural size. 

4. " of Anisopus gracilis, " 

5. " of Cuniehnoides marsupiuloideus, natu- 

ral size. 

PLATE X. 

Outline of the Foot or Track of Brontozoum gigan- 
tcum, of the natural size. 

PLATE XI. 
Fig. 1. Foot of Brontozoum minusculum, natural size. 
" of Brontozoum tuberatum, " 

PLATE XIL 
Fig. 1. Foot of Brontozoum exsertum, natural size. 



2. 


" of Brontozoum validum, " 


3. 


" of Brontozoum Sillimanium, " 


4. 


" of Brontozoum isodactylum, " 




PLATE Xm. 


Fig- 1. 


Foot of Amblonyx giganteus, natural size. 


2. 


" of Amblonyx Lyellianus, " 


3. 


" of Grallator eursorius, " 


4. 


" of Grallator tenuis, " 


5. 


" of Grallator gracillimus, " 


6. 


" of Grallator cuneatus, " 




PLATE XIV. 


Fig.l. 


Foot of Argozoum Redfieldianum, natural size. 


2. 


" of Argozoum dispari-digitatum, " 


8. 


" of Argozoum pari-digitatum, " 


4. 


" of Platypterna Deaniana, " 


6. 


" of Platypterna tenuis, " 


6. 


" of Platypterna delicatula, " 


7. 


" of Platypterna recta, " 


8. 


u of Platypterna varica, " 


9. 


" of Platypterna digitigrada, " 


10. 


" of Ornithopus gallinaceus, " 


11. 


" of Ornithopus graeilior, " 


12. 


" of Platypterna graeillhna, " 




PLATE XV. 


Fig. 1. 


Foot of Tridentipes ingens, natural size. 


2. 


" of Tridentipes elcgans, " 


3. 


" of Tridentipes elegantior, " 


4. 


u of Tridentipes insignis, " 


6. 


" of Tridentipes uncus, " 
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PLATE XVI. 
Fig. 1. Foot of Gigantitherium caudatum, natural 
size. 

2. " of Gigantitherium caudatum, with a 
trace of the tail sweeping to the 
right and left. 

PLATE XVIL 
Fig. 1. Foot of Gigantitherium minus, natural size. 

2. " of Hyphepus Fieldi, natural size, with a 

plumose trail trace. 

3. " of Corvipes laeertoideus, natural size. 

4. * of Tarsodactylus caudatus " 

5. " of Apatichnus circumagens, " 

6. " of Apatichnus bellus, ** 

7. " of Plesiomis quadrupes, " 

8. " of Plesiomis pilulatus, * 

9. " of Typopus abnormis, ■ 
10. " of Typopus gracilis, a 

PLATE XVIU. 
Fig. 1. Foot of Polemarchus gigas, natural size. 

2. " of Plectroptema minitans, * 

3. * of Plectroptema gracilis, " 

4. " of Plectroptema angusta, " 

5. " of Plectroptema linearis, ** 

PLATE XIX. 
Fig. 1. Hind foot of Tria^nopus leptodactylus, natural 
size. 

2. Fore foot of Tritenopus leptodactylus, natural 
size. 

Figs. 3, 4 and 5, Track of Plectroptema minitans on 
successive layers of stone. 
6, 7, 8 and 9, M of Trianopus leptodactylus on 

successive layers. 
10, 11 and 12, " of Plectroptema miniums on 
successive layers. 

PLATE XX. 
Figs. 1, 2 and 3. Track of Trirenopus leptodactylus 

on successive layers. 
Fig. 4. Foot or Track of Harpedactylus gracilis, hind 
and fore feet, natural size. 

5. Feet of Isocampc strata, natural size. 

6. " of Xipliopera triplex, natural size. 

7. u of Orthodactylus floriferus, natural size. 



210 



PLATES. 



Fig. 8. Foot of Orihodaetylus intro-vergens, natural 1 
1 size. 

9. Feet of Qrthodactylua linearis, natural size. 

10. " of Antipus flcxiloquua, " 

11. " of Stenodaotyloa onneatut, natural size. 

12. " of Arachniehnus detriseens, " 

13. Single track of Aroehniehmis dehisccns, with 

mud veins, natural size. 

PLATE XXI. 
Fig. 1. Hind foot of Chimera Barratti, natural size. 

2. Fore foot of Chimrera Barratti, " 

3. Forefoot? of Chiimera Barratti, " 

4. Hind foot of Chimera Barratti on a layer 

below the one on which the animal trod. 

5. Mud Nests of Batrachoides nidificans, natural 

size. 

6. " of Batrachoides antiquior, natural 

size. 

7. " of Living Tadpoles, natural size. 

PLATE XXII. 
Hind foot of Otozoum Moodii, natural size. 

PLATE XXin. 
Fig. L Fore foot of Otozoum Moodii, natural size. 

2. Hind foot of Palamepus Clarki, " 

3. Feet of Cheirotheroides pilulatus, natural size. 

4. « 

5. " of Maeropternu vulgaris, " 

6. " of Maeropternu graeilij)es " 

7. u of Maeropterna divaricans, " 

8. u of Sclenichnus falcatus, with trace of 

the tail, natural size. 
0. " of Selenichnus breviuseulus, with trace 
of the tail, natural size. 

PLATE XXIV. 
Fig. 1. Foot of Lagunculapes latus, natural size. 

2. Feet of Shcpardia palmipes, " 

3. Fore foot of Hopliehnus equus, " 

4. Hind foot of ITopHehnus equus, " 

5. Outline sketch of Tracks of Hopliehnus equus, 

reduced* 

6. Fore foot of Hopliehnus poledrus, natural size. 

7. Hind foot of Hopliehnus poledrus, " 



Fig. ft. Tracks of Saltator bipedatus, natural size. 

9. " of Saltator eaudatus, " 
10. ■ of Saltator eaudatus, " 

PLATE XXV. 
Fig. 1. Tracks of Ptilichnus anomalus, natural size. 

2. Tracks of Ptilichnus anomalus, natural size, 

with a row of indentations. 

3. Hind foot of Ancyropus heteroclitus, natural 

size. 

4. Fore foot of Ancyropus heteroclitus, natural 

size. 

5. Hind foot of Exocampe (by mistake spelt 

Ilectocampe) arcta, natural size. 

6. Fore foot (?) of Exocampe (by mistake spelt 

Ilectocampe) arcta, natural size. 

7. Hind foot (?) of Amblypus dextratus, natural 

size. 

8. Foot of llaruipes didactylus, natural size. 

9. Impressions of Ptilichnus pectinatus, natural 

size. 

10. Foot of Exocampe arcta, natural size. 

11. Feet of Exocampe (by mistake spelt Hecto- 

campe) ornata, natural size. 

PLATE XXVI. 
Fig. 1. Trackway of Unisulcus Marshi, natural size. 

2. Trackway of Unisulcus intermedins, natural 

size. 

3. Trackway of Unisulcus minutus, natural size. 

4. Cunicularius retrahens, natural size. 

5. Trails of Ptilichnus hydrodomus, natural size. 

6. Trackway of Cochliclmus anguineus, natural 

size. 

7. Trackway of Halysichnus laqueatus, natural 

size. 

8. Trackway of Halysichnus tardigradus, natural 

size. 

9. Trackway of Cochlea Arehimedea, natural 

size. 

PLATE XXVU. 
Fig. 1. Tracks of Bifurculapcs scolopendroideus, nat- 
ural size. 

2. Tracks of Lithographus hieroglyphieus, nat- 
ural size. 
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PLATE XXVIII. 
Fig. 1. Tracks of Aeanthichnus tardigradus and cur- 
sorius, Bifurculapes tuberculatum, and Cocli- 
lichmis anguineus, natural size. 

2. Tracks of Splucrapus larvalis, natural size. 

3. Tracks of Sphajrapus magnus, natural size. 
Figs. 4 and f>. Tracks of Aeanthichnus saltatorius f 

natural size. 

PLATE XXIX. 
Fig. 1. Tracks of Grammepns erismatus, natural size. 

2. Tracks of Grammepus unordinatus, natural 

size. 

3. Tracks of Lithographus hieroglyphieus, nat- 

ural size. 

4. Tracks of Lithographus cruscularis, Bifurcu- 

lapes elachistotatus, and a Coniferous 
Plant, natural size. 

5. Ambrotype sketch of small fossil Plants. 

6. Tracks of Conopsoides larvalis, natural size. 

7. Tracks of Hexapodiclinus magnus, natural 

size. 

PLATE XXX. 
Fig. 1. Tracks of Hexapodiclinus horrens and Bifur- 
culapes laqueatus, natural size. 

2. Tracks of Bifurculapes laqueatus and Conop- 

soides larvalis, natural size. 

3. Tracks of Lithographicu3 cruscularis and Bi- 

furculapes laqueatus and elachistotatus, 
natural size. 

4. Tracks of Bifurculapes tubcrculatus and Co- 

nopsoides larvalis, natural size. 

PLATE XXXI. 
Fig. 1. Tracks of Aeanthichnus eursorius, with a 
coniferous plant and seeds, natural size. 

2. Trucks of a snipe on clay with rain drops, 

natural size. 

3. Tracks of Chelonoides incedens, natural size. 
A. Tracks of Copeza triremis, natural size. 

PLATE XXXII. 
Fig. 1. Tracks of a Boy and a Bird with rain drops 
on chiy, natural size. 
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Fig. 2. Tracks of a Bird and a Frog on clay, natural 
size. 

PLATE XXXIII. 
Fig. 1. Reduced outline of seven tracks of Brontozoum 
giganteum. 

2. Reduced outline of three tracks of the same. 

3. Reduced outline of three tracks with several 

smaller tracks of other species of Bron- 
tozoum. 

4. Reduced outline of eleven tracks of the hind 

foot of Otozoum Moodii, with many others 
of Brontozoum. 

5. Reduced outline of nine tracks of Otozoum 

Moodii in relief with many others of Bron- 
tozoum. 

PLATE XXXIV. 
Fig. 1. Row of outline tracks of Macropterna graci- 
lipes, natural size. 

2. Outline of numerous tracks of Anoincepus 

minor, reduced. 

3. Outline of a row of the tracks of Stenodactylus 

curvatus, natural size. 

PLATE XXXV. 
Figs. 1 and 2. Reduced outline rows of the tracks 

of Plesiomis quadrupeds. 
Fig. 3. Reduced outline row of the tracks of Triden- 

tipes uncus. 

4. Reduced outline row of the tracks of Argo- 

zoum pari-digitatum. 

5. Reduced outline row of the tracks of Anisopus 

Dewey an us. 

6. Reduced outline row of the tracks of Apatich- 

nus circumagens. 

7. Reduced outline row of the tracks of Corvipes 

lacertoideus. 

8. Reduced outline row of the tracks of Apatich- 

nus bellus. 

9. Reduced outline row of the tracks of Selenich- 

nus breviusculus or Macropterna vulgaris, 
with a serpen tin a tail trace. 

10. Reduced outline row of the tracks of Ploetrop- 

terna Uncans. 

11. Reduced outline row of Hyphepus Fieldi. 
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PLATE XXXVI. 
Fig. 1. Reduced outline row of the bracks of Anisopus 
gracilis. 

2. Reduced outline row of the tracks of Turse- 

daotylus caudatus. 

3. Reduced outline row of the tracks of Plectrop- 

torna angusta. 

4. Reduced outline row of the tracks of Flesiornis 

pilulatus. 

5. Reduced outline row of the tracks of Isocampe 

strata. 

6. Reduced outline row of the tracks of Cheirothe- 

roides pilulatus. 

7. Reduced outline of a slab with tracks of An- 

tipus bifidus. 

8. Reduced outline of another slab of Antipus 

bifidus. 

9. Reduced outline of the tracks Helcura an- 

guinea. 

10. Reduced outline of the tracks of Helcura 
surgens. 

PLATE XXXV1L 
Fig. 1. Reduced outline row of the tracks of Chimsera 
Barratti. 

2. Reduced outline of a slab of the tracks of 

Arachnichnus dehiscens. 

3. Reduced outline sketch of the trackway of 

Helcura caudata. 

4. Reduced outline sketch of a slab with tracks 

of Macropterna vulgaris, from the Cabinet 
of Dr. John C. Warren. 

5. Row of the tracks of Amblypus dextratus, 

reduced. 

6. Outline of a slab of Orthodactylus floriferus, 

reduced. 

PLATE XXXVIII. 
Fig. I. Ambrotype sketch of a slab (No. J- 4 3 ), with 
tracks of Anvblonyx and Brontozoum. 
2. Ambrotype sketch of a slab No. \, with Ano- 
mojpus, Amblonyx, and Brontozoum. 

PLATE XXXIX. 
Fig. 1. Ambrotype sketch of slab No. with Gral- 
lator cuncatu3 and formosus, Argozoum 
pari-digiUitum and Brontozoum. 



Fig. 2. Ambrotype sketch of slab No. with Bron- 
tozoum gracillimum, and rain drops. 

3. Ambrotype sketch of slab No. 3jft, with Bron- 

tozoum exscrtum, &c 

4. Ambrotype sketch of slab No. |j with Bronto- 

soum exsertum, &c 

PLATE XL. 
Fig. 1. Ambrotype sketch of slab No. f|, with rows 
of Brontozoum isodactylum and tortoise 
trails. 

2. Ambrotype sketch of slab No. with Bron- 

tozoum minusculum, &c. 

3. Ambrotype sketch of slab No. with Bron- 

tozoum exsertum, &c. 

PLATE XLI. 
Fig. 1. Ambrotype sketch of slab No. \ 7 -, with Bron- 
tozoum giganteum, and minusculum and 
Grallator cuneatus. 
2. Ambrotype sketch of slab No. ^P-, with Bron- 
tozoum, Grallator, Gigantitherium, Hyphe- 
pus and Anisopus. 

PLATE XLII. 
Fig. 1. Ambrotype sketch of slab No. 3^-, with Bron- 
tozoum, Grallator, Apatichnus and Ani- 
sopus. 

2. Ambrotype sketch of slab No. with Gigan- 

titherium, Hyphepus, Grallator, Bronto- 
zoum, Anisopus and Saltator. 

3. Ambrotype sketch of slab No. with Bron- 

tozoum minusculum, Grallator cuneatus, 
and Anisopus gracilis. 

PLATE XLIII. 
Fig. 1. Ambrotype sketch of slab No. with Bron- 
tozoum and Anisopus. 

2. Ambrotype sketch of slab No. ^ with Cor- 
vipes, Macropterna, Brontozoum, &c. 

3. Ambrotype sketch of slab No. £§, w » tn -Ani- 
sopus gracilis. 

4. Ambrotype sketch of slab No. with Ani- 
sopus gracilis. 

5. Ambrotype sketch of slab No. with Ani- 
sopus gracilis. 
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Fig. 6. Ambrotype sketch of slab No. ||, with Bron- 
tozouin Sillimanium. 

PLATE XLIV. 
Fig. 1. Ambrotypc sketch of alab No. \$, with Ano- 
mcepus minor. 

2. Ambrotype sketch of No. with tracks of 

Palamcpus Clarki, and Brontozoum. 

3. Ambrotype sketch of slab No. with Ano- 

mospus minor and Brontozouin. 

4. Ambrotype sketch of slab No. ^ with Gigan- 

titherium caudatum, Tridentipes uncus, and 
Chelonoides incedens. 

5. Ambrotype sketch of slab No. 3^, with two 

caudal impressions of Anomoepus major, 
Brontozoum, &c. 

6. Ambrotype sketch of slab No. with Gigan- 

titherium caudatum and minus, Grallator 
cuneatus, Hyphepus Fieldi, &c. 

PLATE XLV. 
Fig. 1. Ambrotype sketch of slab No. with Hel- 
cura caudata, Tridentipes gracilior, &c. 

2. Ambrotype sketch of slab No. with Ortho- 

dactylus floriferus. 

3. Ambrotype sketch of slab No. -fc, with Tri- 

dentipes insignia. 

4. Ambrotype sketch of slab No. |§, with Lagun- 

culapes latus. 

5. Ambrotype sketch of slab No. Tracks of 

Plesiornis quadrupes, Brontozoum. 

6. Ambrotype sketch of slab No. }f, with Apa- 

tiehnus bellus and Tridentipes elegans. 

7. Ambrotype sketch of slab No. Y", w ' tn Ty~ 

popus abnormis. 

8. Ambrotype sketch of slab No. with Tri- 

amopus leptodaetylu8. 

PLATE XL VI. 
Fig. 1. Ambrotype sketch of slab No. f (lower, part), 
with Tridentipes uncus, Tarsodactylus eau- 
datus, and Brontozoum minuseulum. 

2. Ambrotype sketch of slab No. £, showing the 

web of Otozoum Moodii. 

3. Ambrotype sketch of slab No. with Bronto- 

zoum isodactylum and Otozoum. 



Fig. 4. Ambrotype sketch of slab No. §, with Apa- 
tichnus circumagens. 
5. Pencil sketch of No. with the fore feet of 
Otozoum and tracks of Brontozoum Silli- 



TLATE XLVII. 
Fig. 1. Ambrotype sketch of a part of slab No. 

with Plectropterna gracilis, Exocampe or- 
nata, and Brontozoum tuberatum. 

2. Ambrotype sketch of slab No. with Triden- 

tipes insignis. 

3. Ambrotype sketch of slab No. §, with Platyp- 

tei-na recta. 

4. Ambrotype sketch of slab No. ^ with Pla- 

typterna varica. 

5. Ambrotype sketch of slab No. with Gral- 

lator cuneat us, and Brontozoum minuseulum 
validum and Sillimanium. 

6. Ambrotype sketch of slab No. with Argo- 

zoum pari-digitatum. 

PLATE XLVTTI. 
Fig. 1. Ambrotype sketch of slab No. 2$, with Exo- 
campe ornata. 

2. Ambrotype sketch of slab No. Y» Plec- 

tropterna gracilis. 

3. Ambrotype sketch of slab No. with Ma- 

cropterna divaricans. 

4. Ambrotype sketch of slab No. with Ortho- 

dactylus linearis. 

5. Ambrotype sketch of slab No. $f with Ambly- 

pus dextratus. 

6. Ambrotype sketch of slab No. | J, with Exo- 

campe ornata. 

7. Ambrotype sketch of slab No. with Ma- 

cropteraa vulgaris. 

8. Ambrotype sketch of slab No. $g, with An- 

tipus flcxiloquus. 

9. Ambrotype sketch of slab No. ^a, with llop- 

lichnus poledrus. 
10. Ambrotypc sketch of slab No. witli Anti- 
pus bifidus. 

PLATE XLIX. 
Fig. 1. Ambrotype sketch of slab No. j$, with the. 
trackway of Untsulcus Marshi. 
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Fig. 2. Ambrotype sketch of slab No. }$, with Uni- 
sulcus minutus. 

3. Ambrotype sketch of slab No. with Ma- 

croptcrna vulgaris. 

4. Ambrotype sketch of slab No. with Stra- 

ti pes latus. 

5. Ambrotype sketch of slab No. with Exo- 

campe arcta. 

6. Ambrotype sketch of slab No. with Har- 

pagopus Hudsonius. 

7. Ambrotype sketch of slab No. with Cochlea 

Archimedea. 

PLATE L. 

Fig. 1. Ambrotype sketch of No. f£, with Batrach- 
oides nidificans. 

2. Ambrotype sketch of slab No. f f , with Ba- 

trachoides autiquior. 

3. Ambrotype sketch of slab No. 3 /-, with mud 

nests of recent Tadpoles. 

4. Ambrotype sketch of slab No. ^, 8 -, with mud 

nests of recent Tadpoles. 

PLATE LI. 

Fig. 3L Ambrotype sketch of slab No. with Ortho- 
dactylus intro-vergens. 

2. Ambrotype sketch of slab No. fg, with Pla- 

typterna digitigrada. 

3. Ambrotype sketch of slab No. , with Sphto- 

rapus magnus. 

4. Ambrotype sketch of slab No. f §, with Ha- 

mipes didactylus, 

5. Ambrotype sketch of slab No. ty, with Har- 

pagopus dubius. 

6. Ambrotype sketch of slab No- §{f, with Ma- 

cropteraa gracilipes, 

7. Ambrotype sketch of slab No. £§, with Sal- 

tator bipedatus. 

PLATE LII. 
Fig. 1. Ambrotype sketch of the Stony Volume 
No. Y> w ' ln Triamopus Icptodaetylns. 

2. Ambrotype sketch of the Stony Volume 

No. f£, with Xiphopeza triplex. 

3. Ambrotype sketch of the Stony Volume 

No. Y-i with Macropteroa vulgaris. 



Fig. 4. Ambrotype sketch of the Stony Volume 
No. ? J, with Xiphopeza triplex. 

5. Ambrotype sketch of the Stony Volume 

No. ? J, with Harpcdactylus gracilis. 

6. Ambrotype sketch of the Stony Volume 

No. y, with Platyptenm vai'ica; a book 
with five leaves. 

7. Ambrotype sketch of the Stony Volume 

No. with Broutozoum tuberatum. 

8. Ambrotype sketch of the Stony Volume 

No. with Tridentipes elegans; the 
fourth page of a book with two leaves. 

9. Ambrotype sketch of the Stony Volume 

No. with Tridentipes elegans ; second 
page, 

10. Ambrotype sketch of the Stony Volume 

No. J /- f with Tridentipes elegans ; third 
page. 

11. Ambrotype sketch of the Stony Volume 

No. with Tridentipes elegans ; first 
page. 

PLATE LDDL 
Fig. L. Ambrotype sketch of the three-leaved Stony 
Volume No. \\, showing two pages of the 
hind foot of Ancyropus heteroclitus. 

2. Ambrotype sketch of the four-leaved Volume 
No. Sj 7 -, showing two pages of the fore foot 
of Ancyropus heteroclitus. 

3. Ambrotype sketch of the two-lea ved Stony 
Volume No. $J, with Xiphopheza triplex. 

4. Ambrotype sketch of the two-leaved Stony 
Volume No. Y*> witfa Macroptcrna divari- 
caus without the heel. 

5. Ambrotype sketch of the two-leaved Stony 
Volume No. J^, with Gralhitor tenuis and 
Apatichnus. 

6. Ambrotype sketch of the stony two-leaved 
Volume No. f J, with two pages of Xipho- 
pheza triplex. 

7. Ambrotype sketch of the tttony two-leaved 
Volume No. with two pages of Bron- 
tozoum giganteum. 

8. Ambrotype sketch of the stony two-leaved 
Volume No. with two pages of Ani- 
sopus Dewey anus. 
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PLATE LIV. 
Fig. 1. Ambrotype sketch of tlie tracks of a snipe 
walking very crookedly on clay, from 
No. ft 

2. Ambrotype sketch of the tracks of a snipe 

walking in a line; No. with rain drops. 

3. Ambrotype sketch of No. f §, with the tracks 

of a very small bird, and a frog on clay. 

1. Ambrotype sketch of No. f g, with two tracks 

of a crow, probably, on clay. 

PLATE LV. 
Fig. 1. Tracks of a South American Ostrich, natural 
size, from a plaster mould. ■ 

2. Ambrotype sketch of two rows of a small 

animal on clay, with gas pustules ; No. Jg. 

3. Ambrotype sketch of the tracks of a living 

Salamander on mud ; No. $g. 

4. Ambrotype sketch of the tracks of a frog and 

the trackway of a small Myriapod or An- 
nelid on clay ; No. |§. 

PLATE LVI. 
Figs. 1 and 2. Ambrotype sketches of Sun Cracks on 

Btone, (" Nature's Hieroglyphics." See 

Plate IV., fig. 1,) afterwards filled by 

mud ; Nos. V, V- 
Fig. 3. Ambrotype sketch of the same from Turner's 

Falls ; No. »,«. 

4. Ambrotype sketch of Sun Cracks modified by 

water ; No. | g. 

5. Ambrotype sketch of the tortuous ridges pro- 

duced by a hard rain on stone ; No. i||. 

6. Ambrotype sketch of rain drops on stone 

No. IS. 

7. Ambrotype sketch of rain drops between the 

ridges of ripple marks; No. 

8. Ambrotype sketch of rain drops on stone; 

No. ft 

PLATE LVIT. 
Fig. 1. Ambrotype sketch of a single track of BrOQ- 
tozoum giganteum, reduced. 
2. Ambrotype sketch of a reduced track of liron- 
tozoum mimisculum. 



Fig. 3. Ambrotype sketch of a reduced track of Bron- 
tozoum validum. 

4. Ambrotype sketch of a reduced track of Bron- 

tozoum kodactylum. 

5. Ambrotype sketch of a reduced track of Am- 

blonyx giganteus. 

6. Ambrotype sketch of a reduced track of Am- 

blonyx Lyellianus. 



Fig. 1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

to. 

11. 
12. 
18. 
14. 



PLATE LVIII. 
Ambrotype sketch of a single reduced track of 

Omithopus gallinaceus. 
Ambrotype sketch of a reduced track of Tri- 

amopus leptodactylus. 
Ambrotype sketch of a reduced track of Typo- 
pus abnormis. 
Ambrotype sketch of a reduced track of Gral- 

lator cursorius. 
Ambrotype sketch of a reduced track of Cliim- 

aera Barratti, below where the animal trod. 
Ambrotype sketch of a reduced track of Tri- 

dentipes elegantior. 
Ambrotype sketch of a reduced track of Or- 

nithopus gracilior. 
Ambrotype sketch of a reduced track of Pla- 

typterna delieatula. 
Ambrotype sketch of a reduced track of Ani- 

sopus gracilis. 
Ambrotype sketch of a single reduced track 

of Platypterna tenuis. 
Ambrotype sketch of a reduced track of Ani- 

sopus Deweyanus. 
Ambrotype sketch of a reduced track of Cor- 

vipes lacertoideus, (the hind foot.) 
Ambrotype sketch of a reduced track of Chei- 

rotheroides pilulatus. 
Ambrotype sketch of a reduced track of Ma- 

cropterna vulgaris. 



PLATE LIX. 
Fig. 1. Ambrotype sketch of a reduced track of Oto- 
zoum Moodii, (hind foot.) 
2. Ambrotype sketch of a reduced track of Plec- 
troperna mini tans. 
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Fig. 3. Ambrotype sketch of a reduced track of Pole- 
marchus gigus. 

4. Ambrotype sketch of a reduced track of Chhn- 

6era liarratti, (hind foot,) 

5. Ambrotype sketch of a reduced track of Chim- 

sera. (?) 

6. Ambrotype sketch of a reduced track of Ar- 

gozoum Rediieldianum. 

PLATE LX. 
Fig. 1. Ambrotype sketch of a slab of Brontozoum 
Sillimanium and exsertum, with Cunicu- 
larius and mud veins, from Middletown. 



Fig. 2. Outline reduced sketch of a slab of Cunich- 
noides marsup'mloideus, from Portland. 
S. Reduced outline of an impression from Port- 
land, resembling the human foot. 

4. Reduced outline of an impression from Port- 

land, resembling the human foot, No. U of 
the Cabinet. 

5. Outline of an imprint of Harpagopus dubius. 

6. Outline of an imprint of Harpagopus dubius, 

with two impressions. 

7. Outline rows of tracks of Selenichiiua bre- 

viusculus. 

8. Outline rows of tracks of Selenicbnus falcatus. 
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